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Abstract 
 
Nowadays Solar Energy is one of the engineering fields most exploited, due to the ongoing 
need to developing new technologies based on renewable energy or improving the existing 
ones. One particular application of this kind of energy is Solar Cooling, which consist in 
generating cold from the heat received from the Sun. A common installation of solar cooling 
requires solar collectors, an absorption/adsorption chiller, fan coils, piping, valves and pumps. It 
calls for a minimal preventive maintenance which should allow keeping operating conditions 
within certain limits.  
 
The aim of this work is to analyze the viability of the installation of a solar cooling system in a 
roof. It has been chosen the Building 45 of the University of Gävle (Hus 45) as a pattern design. 
It was built in 2008, thirteen years after Högskolan i Gävle was inaugurated. This building uses 
electric compression coolers for its cooling demand. According to their heating demand, this is 
solved by using District Heating. 
 
This work is focused on the determination of the cooling demand of this particular building and 
the proposal of a solar cooling system that could supply it. Calculating the cooling demand 
means applying most of the concepts learnt during the whole speciality of the degree, like 
thermal loads in buildings. This calculation has been possible by using IDA ICE, which is a 
software that allows the user to develop a new construction through defining all structure 
parameters. After having defined all the contour conditions, the simulation shows all kinds of 
parameters in detail, in particular, the cooling demand of the respective building. Moreover, 
creating a new solar cooling system for this building means reviewing all the concepts related to 
refrigeration cycles and solar energy that have been learnt during the intensification. To do it, it 
has been necessary to use POLYSUN, another program that let the user to create solar thermal 
systems, photovoltaic systems or any other installation for getting heating, cooling or hot water. 
 
In addition, another important point to discuss is the usage of a solar cooling system based on 
absorption/adsorption technology instead of using photovoltaic as a way of providing to the 
current cooling units. 
 
The simulation about  the cooling demand of the building shows that for covering the 95,22% of 
the operation hours (within the study), it is required to solve a cooling peak demand of 100 kW, 
which is in terms of energy a value of 68437,6 kWh. Regarding the designs of the solar cooling 
systems, two variants have been analyzed. While the first one is based on using the absorption 
technology, the second one has two subdivided proposals: a stand-alone photovoltaic system 
and a net metering installation. The absorption system could cover the cooling demand with the 
exception of July. The viability of this installation is questioned because of the low operation 
hours of the absorption machine, which is not working as it was expected since it is the cooling 
tower who really carries out the cooling function. On the other hand, the stand-alone system 
allows the building to cover all of its cooling demand, but the system is oversized and no 
profitable within a period of 30 years although it supposes a reduction of 100% in CO2 
emissions, which is obvious since this option considers an electrical consumption from the grid 
of 0 kWh. Finally, the net metering system is probably the best option for covering the cooling 
demand of this building, as it has the shorter pay-back (18 years), the less visual impact when 
the solar modules are installed on the roof and requires less maintenance.  
 
Since there are no advantages in using an absorption machine for a cooling system in a Swedish 
climate, the next step would be analysing a system like the one proposed into another climate, 
where the solar radiation has more influence, thus, the absorption machine could work because 
of the inlet water (coming from the solar loop) is hot enough. 
 
Keywords: solar cooling, absorption, adsorption, COP, evacuated tube collector, storage tank, 
refrigeration cycle, efficiency, solar radiation, air handling unit, net metering, stand-alone.  
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1 INTRODUCTION 
 
1.1 Background 
 
The global energy sector is being scrutinized more than ever. One of the most developed 
branches of this is the renewable solar technology. There is a sudden demand in the usage of 
solar energy for various domestic applications such as water heating, building heating and 
cooling, cooking or even power generation and refrigeration. 
 
How it has been commented, one of the fields in this studio is the energy component of cooling 
and conditioning of buildings using solar energy as a primary source. Potential interest is the 
fact of investigating the possibility of designing a solar cooling system in a Nordic region, in 
this case in Sweden. This is because it is known the existence of some different examples of 
solar cooling installations in Europe, but not in Sweden: Sattledt (Austria), Perpignan (France), 
Rimsting (Germany), Milano (Italy), Santander (Spain). They are examples of the application of 
this technology into building offices, universities or laboratories [1]. However, in Sweden the 
usage of District Heating (for covering the heating demand) and District Cooling (for 
refrigeration and air conditioning) is widely extended. 
 
According to district heating and cooling systems, it is obliged to remark that Sweden is a 
pioneer in the evolution of sustainable energy solutions like this, since its winter cold 
temperatures (drop to -35°C) and the summer ones (at more than +30°C) force the fact of 
having a comfortable indoor temperature. District heating consists in taking advantage of 
resources that would otherwise be wasted. It is an environmental friendly and energy efficient 
heating system due to it uses the heat produced when electricity is generated in a combined 
power and heating plant (CHP
1
), heat from waste incineration and also excess heat from local 
industries. The fuel could be composed by garbage, waste from forestry, and other biomass 
compounds which come from non fossil energy sources [2].  During the last decades, Sweden 
has achieved substantial reductions of CO2 emissions, while maintaining high and sustainable 
economic increase. Nowadays, more than 60% of all Swedish homes and commercial buildings 
are heated by district heating and the Swedish model is being implemented successfully in 
countries all over the world [3].   
 
 
 
Figure 1. Global radiation on optimal surface2.  
Parallel to DH
3
, district cooling is based on the same ingenious concept as district heating, but 
in this case the cold is supplied from a central unit using local resources and operating at a very 
                                                 
1
 It is the acronym of the term Combined Heating and Power plant. 
2
 Red point refers to Gävle; extracted from http://re.jrc.ec.europa.eu/pvgis/ap%20ps4/pvest.php. 
3
 It is the acronym of District Heating. Otherwise, “DC” refers to District Cooling. 
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high level of energy efficiency. The cooling plant is frequently run by the company also 
operating the local district heating system. For producing district cooling in Sweden there are 
three main ways:  
 
 Free-cooling: takes cold water from nearby lakes and rivers. 
 Absorption cooling: based on thermal energy generated in the production of district 
heating or waste heat from industries or garbage depots.  
 Using Heat pumps: they can produce both heating and cooling at the same time, and 
currently this is the most common way of producing district cooling in Sweden. 
 
 
Figure 2. Evolution of District Cooling in Sweden [4]. 
The main usage of district cooling is for offices and other service sector places. The 28% of 
district heating Swedish enterprises predict supplying district cooling in 2015, because 
nowadays, the 22% of them provides their guests with DC. The prognostic by the year 2015 is 
that the production of DC will increase from 0,9 TWh to 1,3 TWh [4]. 
 
On the other hand, within the environmental and friendly installations for cooling it is found the 
aim of checking the viability of a solar cooling installation in Sweden. 
 
Regarding the diversity of options that are within the range of technologies that provide cold by 
using solar energy, two are the most important: solar photovoltaic and solar thermal cooling 
systems. The first is based on a PV
4
 cell, which is basically a solid-state semiconductor device 
that converts light energy into electrical energy. Therefore, a complete PV cooling system 
typically consists of four basic components: photovoltaic modules,  batteries (optional), an 
inverter circuit and air conditioning units. Moreover, thermal solar cooling is becoming more 
popular since thermal solar collectors directly convert irradiation into heat.  Sorption technology 
(absorption/adsorption) is used in thermal refrigeration techniques where the cooling effect is 
obtained from the chemical or physical changes between the sorbent and the refrigerant [5]. 
 
Sorption technology can be split into open and closed cycles. The main difference between them 
is that while the first one uses a renewable fluid continuously (as for example, the water of a 
river), the second one uses always the same fluid, which allows having the total control of the 
fluid and no external interferences between the environment and the power block. Moreover, 
while closed cycle systems produce chilled water, which can be supplied to any type of air 
conditioning equipment, open cooling cycles produce conditioned air directly. 
                                                 
4
 ”PV” refers to Photovoltaic. 
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Figure 3. World wide distribution of the cooling power assisted by solar energy [6]. 
In Figure 3, it could be seen the cooling power installations around Europe that use thermally 
driven technologies. In relation to the absorption technique, which appears in the picture as the 
most developed and installed, it is necessary to introduce it as a way of substituting the 
conventional compressor by a thermodynamic element based on a chemical reaction between 
the absorber and the desorbed.  Later, it will be explained in detail how this technology works 
and how it is possible the fact of getting cold from hot water (solar energy as a main source, in 
this case).  
 
Finally, to conclude with this introduction, the advantages and disadvantages of the absorption 
will be analyzed in this project due to the thermodynamic and energetic interest that this 
technique arouses. 
 
 
 
1.2 Purpose 
 
The need of developing more efficient systems is nowadays one of the most important points 
within the engineering sector. Hence, the aim of verifying the characteristics of one of these 
new renewable energy systems is searched in this work, due to contribute to the technological 
development in renewable.  
 
The main issue to discuss in this project consists on making a comparison between the current 
cooling system and the proposals solar cooling systems. Therefore, it is willed to determine if 
solar cooling systems are more profitable and environmental for covering the future cooling 
demand than the solution based on conventional cooling machines which use electricity to run 
their compressors. 
 
 
 
1.3 Limitations 
 
This project is focused on the implementation of solar cooling at Building 45, within the 
perimeter of University of Gävle. For that reason, it is necessary to emphasize that this work 
does not go beyond the design of the main parameters for having this installation installed, such 
as the elements of it and the analysis of its technical benefits in comparison with the current 
cooling system and with other solar alternatives. 
 
Moreover, as no specific cooling demand of the study case building was found, one of the 
challenges of the project is to calculate a good approximation of the real cooling demand of it 
by using a mathematical program. To make it possible, it is required to take into account, e.g., 
geometrical specifications, materials, operation hours or weather conditions. Moreover, 
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regarding the simulation, it only has been considered the summer period (from April the 10
th
 to 
September 25
th
), when the cooling demand is higher and the fact of studying it has more 
relevance. 
 
 
 
1.4 Method 
 
This project consists on the implementation of solar cooling in a building. Firstly, it will explain 
in detail the current cooling and ventilation system of the building, i.e. how the cooling 
machines work and the specific operation of each air handling units. After that, the cooling 
demand of the building will be calculated by a mathematical program. Having this cooling 
demand it is possible to design an absorption solar cooling system. The other branch of solar 
energy that will be study is the photovoltaic one. In this direction, the possibility of covering 
some electrical demands of cooling devices will be studied. This way, it will be finally analyzed 
the total costs of each investment and an environmental study for those solutions will be carried 
out. The method of the thesis has to be split up with three different parts:  
 
 First Part 
 
First of all, it is willed to calculate a good approximation of the cooling load for a new cooling 
system, which wants to satisfy the comfortable conditions of all the workers of the building. For 
determine the cooling demand of the building, two methods are considered:  
 
i. Determine the current cooling capacity of the system by knowing the nominal power 
values of the cooling machines. 
ii. Calculating the cooling demand by a mathematical program (IDA ICE 4.6).  
 
 Second Part 
 
Secondly, taking into account the cooling demand obtained, the next step is to calculate and 
dimensioning a solar cooling system based on the absorption technique. To simulate all the 
parameters of the installation, it is necessary to use a mathematical program (POLYSUN). 
 
After having the whole installation simulated and once the main energy parameters are obtained, 
the challenge of comparing its performance with another installation based on PV (photovoltaic 
modules) is proposed. The list below shows the main steps to develop this part of the project: 
 
i. Design and simulate a solar cooling system based on using absorption chiller. 
ii. Design and simulate a solar cooling system based on using photovoltaic modules. Two 
variants of this technology will be modelled: a stand-alone system and a net metering 
system. 
iii. Compare these two technologies (i and ii) in a technical way, so as to prove the 
performance of each proposal. 
 
 Third Part 
 
Finally, the thesis must concerns an economic and environmental analysis between these two 
kinds of solar cooling system. The economic study is to determine which cooling system is 
more economical profitable within a period of 30 years. The use of economic rates like Net 
Present Value (NPV) or the Internal Rate of Return (IRR) will be needed. On the other hand, 
the environmental survey will determine which option would reduce more the CO2 particles 
emissions and which one has the lower visual impact if it is compared with the current 
installation. 
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1.5 Outline of the Thesis 
 
The purpose of these paragraphs is to summarize the main chapters that are developed in this 
project. So as to begin with the 2
nd
 chapter, it explains the idea of solar cooling and its 
properties and characteristics, i.e. there is an analysis of how this technique is carried out in 
order to produce cooling energy and what are its advantages and disadvantages. The theoretical 
concepts of the elements of this installation and also the ones that compose the photovoltaic 
proposals are presented.  On the 3
rd
 chapter, it is described the building where it is willed to 
install solar cooling. There, it is described the architecture, functionality and the performance of 
the current cooling system and air handling units. Moreover, the 4
th
 chapter describes the 
process followed for calculating the cooling demand by using the mathematical program IDA 
ICE 4.6.  
 
Furthermore, the 5
th
 chapter shows the design of the absorption solar cooling system at Hus 45. 
As explained before, this chapter is composed by the simulation of the installation by using 
another mathematical program, which is called POLYSUN. Thanks to this simulation, a result 
about how much of this cooling demand is covered by using this new technology based on 
absorption could be obtained. Apart from that, in this chapter there is also information about 
each element that composes the whole installation. 
 
In relation to the 6
th
 chapter, it is exposed a similar explanation than in the 5
th
 chapter, but in this 
case for another installation based on PV panels that supply electricity to the current cooling 
machine of the building. That means that it is also necessary to repeat the design process (use 
POLYSUN again). That time, some aspects are the same and the explanation is avoided.  
 
Besides, the 7
th
 chapter collects the main results of the solar cooling installations, i.e. the output 
data from PolySun of the absorption design and the PV systems. Moreover, an economical and 
environmental comparison is done between them.  
 
Finally, the 8
th
 chapter contains the conclusions and the discussion about which of these two 
kinds of solar cooling is better as a way of replacing the current cooling system. 
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2 SOLAR COOLING SYSTEMS 
 
2.1 Introduction to cooling systems 
 
In the last few years, in order to soaring fuel prices and gas emissions, buildings designers have 
developed new cooling technologies which can compete with conventional cooling 
technologies. The interest in solar assisted cooling technologies is based on fact that they are 
sustainable and environmentally friendly in comparison to conventional cooling systems [7]. 
Solar refrigeration employs a system where solar power is used for cooling purposes. Solar 
energy can provide clean and cheap energy for cooling and refrigeration applications all over 
the world.  
 
 
2.1.1 Compression Refrigeration Cycles 
 
First of all, it is necessary to present the most common cooling systems which are based on 
compression coolers [8]; because this is the main pattern that should be taking into account in 
order to understand the solar cooling technologies. To begin with the explanation, it is necessary 
to talk about the refrigeration cycle, which is described in the Figure 4. 
 
Figure 4. Physical and T-S5 thermodynamic cycles of the compression refrigeration cycle [9]. 
This picture shows the ideal cycle, where the stages are described below: 
 1-2 Isentropic compression 
 2-3 Constant pressure during heat rejection in the condenser 
 3-4 Throttling in an expansion valve 
 4-1 Constant pressure during heat addition in the evaporator 
 
The P-h diagram is shown in the Figure 5, where it could be seen the cold gain, heat rejection 
and the compressor work input. 
 
Figure 5. Pressure vs Enthalpy plot  
of the Compression Refrigeration Cycle [9]. 
                                                 
5
 T-S refers to the axis of the plot: Temperature for the vertical axis and Entropy for the horizontal one. 
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The main components of a Compression Cooling System are: 
 
 The evaporator: It is a heat exchanger on the suction side of the compressor, where the 
liquid refrigerant evaporates to do its work. If the machine is designed to cool air directly, 
the evaporator is an air coil. Otherwise, if the machine is designed to cool liquid, the 
evaporator is a tube-and-shell heat exchanger [10].  
 
 The condenser: It is a heat exchanger located on the discharge side of the compressor. The 
high-pressure refrigerant gas from the compressor is cooled in the condenser so that it 
returns to a liquid state. When the cooling medium is air, the condenser is an air coil. When 
the cooling medium is water, the condenser is typically a tube-and-shell heat exchanger, but 
also sometimes it could be a coaxial tube heat exchanger [10]. 
 
 The compressor: It has the function of increasing the pressure of the evaporated refrigerant 
vapour to raise its temperature. The compressor lowers the pressure of the liquid refrigerant 
on the suction side, causing the evaporation of the refrigerant. In most systems, cooling 
capacity is regulated by varying the output of the compressor. It is the element of the 
refrigeration cycle that requires more energy (electricity consumption) [10]. 
 
 
Figure 6. Physical elements of a whole compression cooling installation [10]. 
 
 The accumulator: It is a kind of storage that holds the liquid refrigerant until it is needed. 
In some cases, packaged water chillers typically use the evaporator shell as the liquid 
storage vessel [10].  
 
 Other elements: They are devices used for separating the high-pressure side of the system 
(condenser) from the low-pressure side (evaporator) and also for metering the flow of 
refrigerant into the evaporator. For instance, orifice or float or expansion valves are 
examples of these kinds of devices [10].  
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In order to substitute the electric compressor by another system that allows less electricity 
consumption, the idea of absorption and adsorption was developed [9]. In this case, the cycle 
diagram would be represented by the following scheme: 
 
Figure 7. Diagram of an Absorption refrigeration system based on NH3 and H2O [9]. 
In Figure 7 could be seen how the conventional compressor has been replaced by this absorption 
element. In this case, the working fluids are ammonia (NH3) and water (H2O). In chapter 2.3 a 
description of the whole system and its performance would be done in detail. 
 
 
2.1.2 Technological options and classification 
 
Following with the explanation regarding refrigeration, the different sorts of solar cooling are 
going to be presented in this chapter. From a thermodynamic point of view there are many 
processes conceivable for the transformation of solar radiation in cooling [11]. 
 
 
Figure 8. Overview of physical ways to convert solar radiation into cooling [12]. 
The aim of this project is to focus on electric processes by using photovoltaic panels that 
provides electricity to vapour compression cycles and also heating transformation processes 
(closed cycles in particular). Both technologies are explained later [13]. 
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2.2 Solar Photovoltaic Cooling 
 
In this chapter will be exposed the main theory for the global issue of Solar Photovoltaic 
Cooling. Mainly, an introduction of these kinds of systems will be explained. Moreover, all the 
elements composing the installation will be described accurately later. 
 
2.2.1 Photovoltaic concept for cooling 
 
The explanation will start by taking into account the concept of a PV cell, which is basically a 
solid-state semiconductor device capable of converting light energy into electrical energy. It is 
known that small PV cells are typically used in wrist watches and calculators, whereas the larger 
or bigger ones are used for supplying power for industrial and domestic electrical appliances, 
(fans, heaters, refrigerators or motors). In order to accommodate the demand for electricity, PV 
electricity generation has been rapidly increasing around the world alongside conventional 
power plants over the past two decades [5].  
 
 
Figure 9. Schematic diagram of a stand-alone PV system [5]. 
 
The PV system could be modelled as a stand-alone system (as it is shown in Figure 9), as a 
hybrid system [14] (in cooperation with an oil/hydro/gas power plant) or as a grid connected 
[15] system. The next subchapter will expose the main parameters of the stand-alone system and 
grid connected, which in this last case will not have the presence of batteries. 
 
 
2.2.2 Elements of the PV installation 
 
A complete PV cooling system typically consists of four basic components: the PV modules, 
which supplies DC
6
 to the system; the Battery, that saves part of this current when the loads do 
not need it; the Inverter, that converts DC into AC; the Regulator, which takes care about the 
current delivered by the PV field and the cooling loads, normally air conditioners. Below are 
presented the first three elements mentioned above, as the regulator and cooling loads depend 
largely on each installation. 
                                                 
6
 In this case, it refers to Direct Current. Otherwise, “AC” refers to Alternating Current. 
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2.2.2.1 PV Modules 
 
They are considered the main elements of a PV system. With an operation lifetime around 25 
years, they are composed by groups of cells. A module contains N rows connected in parallel 
and each row contains M solar cells in series [16]. 
 
Figure 10. Example of connection in series of four cells with an output voltage of 2V7. 
There are many different types of solar cells. The most common and commercially available 
types are amorphous, polycrystalline and monocrystalline cells. Their names come from the 
nature of the silicon used to create their substrates. The conversion efficiency of a PV panel (see 
the Table 1) and its cost depends on the nature of the silicon used for manufacturing the cells. 
 
Table 1. Efficiency (%) of Silicon Cells as measured at STC8. 
Silicon Composition 
Efficiency 
Commercial Panels 
Known Max 
Efficiency 
Amorphous Silicon 6 12,5 
Polycrystalline Silicon 9,5 to 15,3 20,4 
Monocrystalline Silicon 13,3 to 15,9 25 
 
Usually the solar cells are connected in series to produce an operating voltage of around 14 or 
16 Volts. These strings are normally then covered with a polymer, a front glass cover, a support 
material, and a junction box attached to the back of the module for allow electrical connections 
with other modules and electrical equipments. A common output power for a single module is 
around 180-250 W in bright sunshine conditions. 
 
Regarding the instantaneous efficiency of these modules, the following general equation can be 
proposed: 
                    
        
  
  
 
Where β is the temperature coefficient of the cell (0,004 K-1 for single crystal silicon); τα is the 
product between the glass cover transmittance and the cell absorbance (common value of 0,95); 
Ta is the outside air temperature; TR is the reference temperature at which the reference 
efficiency ηR is evaluated; UL is the overall heat loss coefficient of the photovoltaic module 
(common value of 20        ) [17]. 
  
                                                 
7
 This picture has been extracted from http://www.alternative-energy-tutorials.com/solar-power/pv-
panel.html 
8
 ”STC” means Standard Test Conditions: Temperature of the cell = 25 ºC, Solar irradiance = 1000 W/m2 
and Mass of the air= 1,5. This table has been extracted from http://www.uq.edu.au/solarenergy/pv-
array/uq-pv-modules. 
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Moreover, the typical curves of performance of the photovoltaic modules are exposed in the 
next Figure 11.  
 
Figure 11. Typical I-V and P-V curves for a PV module [18]. 
To finish with this brief introduction to the photovoltaic modules, the output power [19] it is 
calculated by the general expression
9
: 
 
            
 
2.2.2.2 The battery 
 
Batteries are required for many PV systems in order to solve the intermittence periods of 
irradiation (mainly used in stand-alone systems). Their purpose is to store the electrical energy 
at times where the PV system covers and exceed the load. Thus, they supply power during times 
when the PV system cannot meet the demand or at night when no there is no sunlight [16].  
 
The operation of batteries consists in converting chemical energy into electrical energy through 
electrochemical discharge reactions. They are composed of one or more cells, each containing a 
positive electrode, negative electrode, separator and electrolyte. Cells can be divided into two 
main classes: primary (e.g. carbon-zinc alkaline-manganese, mercury-zinc, silver-zinc or 
lithium cells) and secondary (e.g. lead-acid, nickel-cadmium, nickel-iron, nickel-hydrogen, 
nickel-metal hydride, silver-zinc, silver-cadmium or lithium-ion) [20].While the first ones are 
not rechargeable and must be replaced once the reactants are depleted, the secondary type is 
composed by rechargeable cells that require a DC charging source to restore reactants to their 
charged state. 
 
Figure 12. Example of the chemical reaction inside a car battery while discharging10. 
                                                 
9
  Where the subindex ”mp” means that the parameters are taken at maximum power conditions. 
10
 Extracted from http://www.baj.or.jp/e/car_battery/car07.html. 
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The most common characteristic parameters of a battery are the nominal voltage (Volts) and 
their capacity (Ampere-hour). On the one hand, the voltage rating is based on the number of 
cells connected in series and the nominal voltage of each cell (2.0 V for lead acid and 1.2 V for 
nickel-cadmium) [20]. On the other hand, the ampere-hour capacity available from a fully 
charged battery depends on its temperature, rate of discharge or age and gives an idea of how 
much current could the battery delivers in one hour.  
 
Regarding the connection between batteries, they can be arranged in parallel to achieve higher 
storage capacity. They need to be placed in spaces with good ventilation to avoid extreme 
temperatures. Unlike car batteries, batteries for PV systems require to be designed for sustaining 
repeated deep charging and discharging without suffering any damage [21].  
 
 
According to the efficiency of a battery, it is defined as the ratio based on calculating the 
available capacity Cn1 at a different discharge rate In1 using the following equation: 
 
         
  
   
 
    
 
 
Where Cn corresponds to the nominal capacity during n hours at a specific discharge rate In and 
pc refers to the Peukert’s constant
11
. It could be appreciated how capacity and discharge current 
is not linear, and less energy is recovered at faster discharge rates [22]. 
 
Therefore, the efficiency of a battery depends on the state of charge (SOC), and the charging 
and discharging current. SOC value oscillates between 0 (when the battery is completely 
discharged) and 1 (completely charge). It could be calculated by following the next equation 
[22]: 
 
      
   
  
 
 
Where SOCn1 is the state of charge at a specific time; Cn1 is the capacity at that time and Cn is 
the initial capacity of the battery (n=0). 
 
 
2.2.2.3 The inverter 
 
In order to convert the direct current electricity (DC) to alternating current (AC) it is used a 
device called inverter. Moreover, they are responsible of keeping a constant voltage on the AC 
side and making the conversion at the highest possible efficiency. The efficiency of the inverter 
depends on the fraction of its operation rated power. Its maximum efficiencies usually reach 
above 90% regarding an input power level around 30% and 50% of its rated capacity [16].  
 
 
Figure 13. Location of the inverter in a simple PV system12. 
                                                 
11
 According to the source [22] this value is about 1,47. 
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The output of an inverter can be single or three phase. It is extremely important the fact of 
sizing the inverter properly in order to have a correct PV system performance. If the inverter is 
oversized, the annual efficiency is reduced substantially. On the other hand, if it is undersized, it 
could shut off during operative conditions. Inverters have been developed to improve the 
tracking of the maximum power point (MPP) and its reliability [16] .  
 
 
Figure 14. Location of MPPT into the PV module curve.  
An inverter with maximum power tracking (MPPT) system extracts maximum power from the 
PV array by varying the input voltage to keep the MPP voltage on the I-V curve (Figure 14), 
since the PV output varies with solar radiation and module temperature [23]. 
 
 
 
2.3 Solar Absorption and Adsorption Cooling 
 
In this chapter the main theory for the global issue of Solar Absorption and Adsorption Cooling 
is described. Mainly, an introduction of these kinds of systems will be explained. Moreover, all 
the elements composing the installation will be described accurately later. 
 
 
2.3.1 Absorption and Adsorption concept 
 
This section presents the concepts of absorption and adsorption, describing all their main 
characteristics and actual developments in their fields. 
 
2.3.1.1 Absorption 
 
It is the best known technology in the group of closed systems. There are three pairs of 
substances used in this kind of machines available on the market: Lithium-Bromide (LiBr) and 
Water solution; Water and Ammonia (H20-NH3); Lithium Chloride (LiCl) and Water systems. 
In all the previous three cases the first element is the sorption agent and the second one is the 
refrigerant. The origins of the absorption technology come from the 19
th
 century when the 
process was discovered and first prototypes were developed. The absorption cooling was 
invented by Ferdinand Carré in 1858 [24]. 
 
Below, the thermodynamic cycle explanation is described while the three subcategories into 
which this technology is divided are presented:  
 
o Single Effect 
 
Taking the LiBr/H2O as the pair working substances [25], [26], [27], which is the most common 
pair within the absorption technology, the cycle is explained. Firstly, the system consists of four 
                                                                                                                                               
12
 Extracted from http://www.pvpowerway.com/en/knowledge/modules.html. 
 15 
 
main components: the absorber, the generator the evaporator and the condenser. The 
concentrated absorbing solution absorbs water (refrigerant) vapour in the absorber and is thus 
diluted. Since this is an exothermic process, the heat of absorption has to be rejected to the 
environment (QA). The evaporating refrigerant in the evaporator produces the cooling effect 
(QE). The diluted solution is pumped to the generator where it is heated up in the generator by 
the driving heat and the refrigerant vapour is desorbed (QD). Thus, the solution is concentrated 
again. The refrigerant vapour flows to the condenser where it condenses releasing the heat of 
condensation to the heat rejection system (QC), and back to the evaporator through a throttle. 
The concentrated solution flows back to the absorber to close the cycle [24].  
 
As a way of increasing the efficiency of the system a solution heat exchanger is installed 
between the flows of the cold and diluted solution from the absorber to the generator (desorbed) 
and the hot and concentrated solution back to the absorber recovering some of the sensible heat 
in the solution [28]. 
 
 
Figure 15. Thermodynamic (P-T) Absorption single stage cycle13. 
The way the efficiency of this system is measured is by using the Coefficient of Performance 
(COP), which is expressed by the following formula: 
 
    
        
          
 
  
  
 
 
Moreover, the typical characteristics of single-stage absorption chillers are: 
 
 COP of about 0,7 to 0,8. 
 Driving temperatures of 75 to 95 °C. 
 Heat rejection temperatures of around 27 °C. 
 Chilled water temperatures in the range of 7 to 15 °C. 
 Low cooling capacities (starting at about 10 kW). 
 
 
                                                 
13
 Extracted from http://www.apep.uci.edu/der/buildingintegration/2/Technologies/WasteHeatRecovery.aspx. 
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o Double Effect  
 
In order to increase the efficiency of the single-effect absorption chillers, the idea of the double-
effect systems was developed. Taking again the LiBr/H2O pair for the explanation, the double-
effect chiller differs from the single-effect in that there are two condensers and two generators 
to allow for more refrigerant boil-off from the absorbent solution. This is possible because the 
higher temperature generator uses the externally supplied steam to boil the refrigerant from the 
weak absorbent. The refrigerant vapour from the high temperature generator is condensed and 
the heat produced is used to provide heat to the low temperature generator [24].  
 
The main heat source of this kind of systems is gas-fired combustors or high pressure steam. 
Double-effect absorption chillers are used for air-conditioning and process cooling in regions 
where the cost of electricity is high in comparison with natural gas. They are also used in 
applications where high pressure steam is readily available, such as district heating. Although 
their high efficiency, they have a higher initial manufacturing cost, mainly caused by special 
materials considerations (corrosion rates), larger heat exchanger surface areas, and more 
complicated control systems [25][24]. 
 
 
Figure 16. Thermodynamic (P-T) Absorption double stage cycle [29]. 
Moreover, the typical characteristics of single-stage absorption chillers are: 
 
 COP of 1,2 to 1,3. 
 Driving temperatures above 160 °C. 
 Heat rejection temperatures of 27 °C. 
 Chilled water temperatures in the range of 7 to 15 °C. 
 Large cooling capacities (starting at about 170 kW). 
 
 
o Triple Effect 
 
The triple-effect cycles are the next logical improvement over the double-effect. These 
absorption chillers are under development, as the next step in the evolution of absorption 
technology, which is the reason because no characteristics for this system have been found on 
the market. The refrigerant vapour from the high and medium temperature generators is 
condensed and the heat is used to provide heat to the next lower temperature generator, in this 
 17 
 
case the middle-temperature condenser. Thereupon, the refrigerant from all three condensers 
flows to the evaporator where it absorbs more heat causing the desired cooling effect [29]. 
 
Figure 17. Thermodynamic (P-T) Absorption triple stage cycle [29]. 
Triple-effect systems offer the possibility of thermal efficiencies equal to those of electrical 
chillers. Nevertheless, the cost will be higher even than the double-effect systems, so system 
cost effectiveness will need to be evaluated on a case-by-case basis [29]. 
 
 
2.3.1.2 Adsorption 
 
The difference between Adsorption and Absorption is that the sorbent agent is not a liquid but a 
solid. This fact has mayor consequences for the cycles as the adsorbent cannot be pumped and a 
batch process has to be carried out [30]. The adsorbents are highly porous materials with a very 
large internal surface. The main requirement for the adsorbent is a high affinity to the 
refrigerant. Basically, two material pairs have been used up to now for adsorption chillers
14
:  
 
 silica gel-water 
 zeolite-water  
 
The ideal cycles consist of the four steps explained below: 
 
1. Isosteric heating: the adsorbent is heated up without changing the amount of 
refrigerant taken up by the absorbent, per unit mass of the adsorbent (loading). 
2. Desorption: the adsorbent is heated up and regenerated at condenser pressure. It 
changes its loading from the maximum value to the minimum loading. In this process, 
the desorption heat is taken. Meanwhile, the desorbed refrigerant is condensed in the 
condenser releasing the heat of condensation. 
3. Isosteric cooling: the regenerated adsorbent is cooled down in order to reach the 
conditions for the following adsorption process at a constant loading.  
4. Adsorption: the adsorbent adsorbs refrigerant at the pressure of the evaporator. In this 
process the loading increases from the minimum to the maximum value and the heat of 
adsorption is released. The refrigerant evaporates in the evaporator producing the 
cooling effect [24]. 
                                                 
14
 Less developed pairs are, for instance, carbon-ammonia or carbon - methanol. 
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Figure 18. Thermodynamic (Ln[P]-T[K]) Adsorption cycle15. 
The typical characteristics of adsorption chillers are: 
 COP of 0.5-0.6 
 Driving temperatures starting from 60 °C 
 Heat rejection temperatures of 27 °C 
 Chilled water temperatures in the range of 12 to18 °C capacities from 8 kW to 15 kW 
 
Finally, as a summary of these explained technologies, this Table 2 shows the main general 
characteristics of all of them. It has to be said that there is also present a column containing data 
about the open cycles, which have not been explained as they threat directly the air from the 
building (this fact rest relevance to the solar thermal concept that is the main objective of this 
project) and they are not develop enough actually. 
 
Table 2. Sorption cooling classification16.  
 
 
 
2.3.2 Elements of an Absorption/Adsorption installation 
 
It is selected the absorption case so as to explain the whole system. The most common 
absorption system design is based on solar collectors, two storage tanks (one for the solar loop 
and other for the chilled water), the absorption chiller (produce the cooling), a cooling tower 
(that acts as a condenser) and fan coils (which plays the role of a heat exchanger between the 
                                                 
15
 Extracted from http://www.academia.edu/2463406/REVIEW_ON_SOLAR_ADSORPTION_REFRIGERATION_CYCLE. 
16 The abbreviations in the table corresponds to: (1)High temperature lift. (2)FPC= Flat Plate Collector;  
ETC= Evacuated Tube Collector; SAT= Single Axis Tracking Collector; SAHC= Solar Axis Heating Collector. 
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chilled water and the inside air of the building). Sometimes it is considered a heat exchanger 
between the tank and the inlet of the chiller. Other times this heat exchanger could be placed 
into the solar loop (between the collectors and the warm tank or even inside the warm tank). 
 
Figure 19. Typical solar cooling system (without cold tank) based on Absorption [31]. 
The diagram shows in Figure 19  the usual configuration for this kind of solar cooling systems. 
However, normally there is placed a cold tank between the outlet of the evaporator and the fan 
coil units. 
 
 
2.3.2.1 Solar collectors 
 
Solar collectors are one of the main parts of a solar cooling system [32]. They convert solar 
radiation into heat and basically it can be distinguished three types of collectors: 
 
• uncovered (unglazed) collectors 
• flat plate collectors 
• evacuated tube collectors 
 
Furthermore, there also exist special collector designs for medium to high temperature 
applications such as parabolic trough collectors (PTC) or Fresnel collectors. The next figure 
tries exemplifying the range of last three subgroups. 
 
 
Figure 20. Typical parameters for different collector types [33]. 
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However, the most common collectors used for solar cooling are flat plate collectors (FPC), 
evacuated tube collectors (ETC) and parabolic trough collectors (PTC). Their main 
characteristic curve is represented in the next Figure 21.  
 
 
Figure 21. Efficiency curve of the most common thermal collectors17. 
The general expression for the efficiency of a solar thermal collector is given by the next 
formula: 
          
           
    
 
Where   
  
     
  
 and where    
        
 
. It could be appreciated how ETC has probably the 
best performance regarding high values of Tm
*
. On the other hand, FTC works really well when 
Tm
*
 is low but poor performance are presented at high values. According to PTC, they present a 
nearly constant efficiency within the operation range of Tm
* 
[19]. 
 
 
o Flat Plate Collectors (FPC) 
 
It is the most common collector used for hot water preparation and for space heating in Europe 
[33]. FPC is composed by the collector box, the absorber, heat insulation and transparent cover. 
They use both beam and diffuse solar radiation, do not require tracking of the sun, they require 
low-maintenance. Moreover, they are not expensive and besides mechanically simple. Solar 
radiation enters the collector through the transparent cover and reaches the absorber. Here the 
absorbed radiation is transformed into thermal energy. Thus it is required a good thermal 
conductivity so as to transfer the collected heat from the absorber sheet to the absorber pipes 
where the heat is finally transferred to the fluid. Normally, it is used a water/glycol mixture with 
anticorrosion additives as the heat carrying fluid in order to protect the collector from frost 
damage. 
 
 
Figure 22. Main parts of a Flat Plate Collector18. 
                                                 
17
 This picture is taken from the “User Manual of PolySun”, provided by Vela Solaris. 
18
 Extracted from http://www.greenspec.co.uk/building-design/solar-collectors. 
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o Evacuated Tube Collectors (ETC) 
 
In this kind of collectors the absorber is located inside the evacuated glass tube. There are three 
types within this group, which are described below. 
 
 Direct-flow ETC 
It has two pipes that run down and back, inside the tube. One is for inlet fluid and the other for 
outlet fluid. The fluid flows into and out of ach tube, which cause that the tubes are not easily-
replaced.  
 
 Heat pipe ETC 
This type of collectors contains a copper heat pipe vacuum sealed solar tube which is hollow 
and the space inside is also evacuated. Inside this heat pipe there is a small quantity of liquid, 
such as alcohol or purified water (plus additives). The vacuum makes the liquid possible to boil 
at lower temperatures than it would at normal atmospheric pressure. When sunlight falls the 
surface of the absorber, the liquid in the heat tube turns to hot vapour quickly and rises to the 
top of the pipe. Water or glycol flows through the collector and picks up the heat. Thus, the 
fluid in the heat pipe condenses and flows back down the tube. This process follows, as long as 
the sun shines. 
 
 
Figure 23 Section of a Heat Pipe ETC tube [33]. 
 Integrated Tank ETC 
In regions where temperatures are not likely to drop into the freezing zone, many evacuated tube 
solar collectors are made with an integrated storage tank at the top of the collector. It has many 
advantages over a system that uses a separate standalone heat-exchanger tank, such as avoiding 
the operation of solar controllers; water pumps expansion vessels, etc. In this system, water flow 
is controlled via standard household water pressure. 
 
 
Figure 24. Main parts of an integrated tank ETC19. 
                                                 
19
 Extracted from http://greenterrafirma.com/evacuated_tube_collector.html. 
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o Parabolic Through Collectors (PTC) 
 
Parabolic trough collectors concentrate the sunlight before it reaches the absorber. These 
collectors consist on mirrored surfaces curved in a parabolic shape that focus sunlight on an 
absorber tube running the total length of the trough. The heat transfer fluid is pumped through 
the absorber tube of the collector where the solar flux is transformed to heat [34]. 
 
PTC are designed in order to work with temperatures over 100 ºC and up to 450 ºC and still 
maintain high collector efficiency by having a large solar energy collecting area (aperture area) 
but a small surface where the heat is lost to the environment (absorber surface) [33]. 
 
 
Figure 25. Main parts of a PTC20. 
 
The parabola curve is such that light travelling parallel to the axis of a parabolic mirror will be 
reflected to a single focal point from any place along the curve. In this kind of collectors, all 
direct solar beams (excluding diffuse) are essentially parallel so if the parabola is facing the sun, 
the sunlight is concentrated at the focal point. A parabolic trough extends the parabolic shape to 
three dimensions along one direction (the though axis). 
 
As PTC use only direct radiation, cloudy skies become a more dangerous factor than when 
using FPC, which can also use diffuse sunlight. They require periodic cleaning of mirrors so as 
to assure an adequate parabolic trough field performance [33]. 
 
 
    
 
 
                                                 
20
 Extracted from http://greenterrafirma.com/evacuated_tube_collector.html. 
Figure 26. Radiation collected by each collector at different operation temperatures [17]. 
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2.3.2.2 Hot/Chilled water Storage Tanks 
 
They are important within a solar cooling system because their 
mission is to overcome mismatches between solar gains and cooling 
loads. The most common application is the integration of a hot water 
buffer tank in the solar loop. However, chilled storage tanks are also 
integrated in absorption systems in order to deliver chilled water to 
the fan coils when the cooling demand is not met by the production of 
the chiller. The hot water storage tank unit fulfils the next tasks: 
 
1. Storing heat from fluctuating heat sources (like the solar) from 
times where excess heat is available for times where no heat is 
available. 
2. Extending the operation times for auxiliary heating devices. 
3. Delivering enough energy to the thermally driven chiller. 
4. Reducing the heating capacity of auxiliary heating devices. 
 
 
2.3.2.3 Absorption Chiller  
 
Although adsorption chillers have a higher efficiency at low driving temperature than 
absorption chillers but absorption chiller is still preferred because Adsorption chillers are more 
expensive per kW cooling capacity than absorption [31]. 
 
 
Figure 28. COP21 of absorption and adsorption chillers [35].  
Adsorption chillers are generally bigger and heavier than absorption chillers. Thus, to date, 
absorption chillers installation are more favourable in comparison to adsorption ones. 
Absorption chillers do not consume as much electricity as compressive chillers, and they do not 
require the use of such as sophisticated refrigerants like chlorofluorocarbon (CFC) or hydro 
chlorofluorocarbon (HCFC). They are more adequate to situations where there is a plentiful, 
low-cost heat source like solar thermal [31]. Their working principles have been commented in 
the chapter 2.3.1. 
 
 
Figure 29. Main partfs of an absorption chiller22. 
                                                 
21
 The ideal line corresponds to the efficiency of Carnot. 
Figure 27. Section of a cold  
storage tank [33]. 
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2.3.2.4 Cooling Tower 
 
A cooling tower is a machine where cooling water is brought into contact with ambient air in 
order to transfer rejected heat from the refrigerant (water) to the ambient. Mainly, there are two 
basic types of cooling tower: open-circuit systems and closed circuit systems. While the first 
ones are characterized by the existence of direct contact between the primary cooling-water 
circuit and the air, the second ones is distinguished by the presence of indirect contact between 
the two fluids across heat exchanger walls. 
 
Figure 30. Scheme of an open-circuit cooling tower23. 
2.3.2.5 Pumps and valves 
 
Both pumps and valves are required for maintaining the working performance of the cycle. 
They are placed for giving the correct velocity to the flow in the respective circuit sections 
within the whole system and choosing the appropriate flow mass in each pipe. Sometimes three-
valve are located where some recirculation is considered, such as in the solar loop (in order to 
maximize the hot water coming from the solar field) or at the cold storage tank return to the 
chiller (which sometimes could consider the fact of sending return water to the cooling tower 
directly). 
 
2.3.2.6 Fan coils 
 
A fan coil system is a heat exchanger with a fan that simply circulates indoor air over it. It is 
supplied with chilled water. The cold medium is produced by the absorption chiller. Basically, 
there are two types of fan coils available in the market: 
 
 2- pipe fan coils: they use one pipe for the supply and the other pipe for the return of the 
cold medium to the heat exchanger, thus they just have one function (cooling or heating). 
 4-pipe fan coils: They are equipped with 2 independent coils, one for heating and one for 
cooling. 
 
Figure 31. Water-side fan coil unit24. 
 
                                                                                                                                               
22
 Extracted from  http://www.tuat.ac.jp/~akilab/Absorption%20chiller.html. 
23
 Extracted from www.engineeringtoolbox.com 
24
 Extracted rom http://www.feta.co.uk/associations/hevac/specialist-groups/fan-coil-unit-group. 
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2.4 Advantages and Disadvantages of Solar Cooling 
 
Solar energy seems the ideal power source for air conditioning. Although the sun is generally 
shining when the air conditioning load is at a maximum, solar cooling systems are not available 
at an affordable price. The purpose of this section is to present the main advantages and 
disadvantages of the two previous solar cooling technologies: PV cooling and 
Absorption/Adsorption cooling. 
 
 Photovoltaic solar cooling (based on conventional air conditioner) 
 
According to the PV cooling system which has been presented in the previous chapter 2.2.2., the 
next list tries to summarize the main pros and cons of this technology: 
 
 Advantages: 
 Available in most climates 
 Low maintenance 
 
 Disadvantages: 
 The solar cells are way too expensive to provide a 100% solar powered design for a 
conventional home 
 Other greenhouse gas reduction approaches are much cheaper per tonne of CO2 
saved 
 High visual impact (when the system is installed in the roof) 
 
 Solar absorption (or adsorption) cooling 
On the other hand, regarding Absorption/Adsorption cooling systems which have been 
presented in the previous chapter 2.3.2., the next list tries to summarize the main pros and cons 
of this technology
25
: 
 
 Advantages: 
 Applicable in most climates 
 Apparently, much cheaper than photovoltaic solar conventional air conditioners 
 
 Disadvantages: 
 For acceptable system efficiencies the water needs to be heated in an expensive 
high performance (usually require concentrating collector), not a conventional flat 
plate collector 
 Currently only available for commercial buildings 
 Other greenhouse gas reduction approaches are much cheaper per tonne of CO2 
saved. 
 
 
 
 
 
 
 
 
 
 
 
                                                 
25
 This information was extracted from http://www.coolmax.com.au/coolmax/solar-comparison.php. 
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3 HUS 45 (BUILDING 45, HiG) 
 
3.1 Definition of the building 
 
This Project is developed at the Building 45 of Högskolan I Gävle (Hus 45 in Swedish). It is the 
main lab building at the University of Gävle where its searchers develop several kinds of 
technical investigations. 
 
 
Figure 32. Location and appearence of Hus 45 into the University area26. 
 
The building was build in 2009, after the whole university was rebuilt (1995-1996). It could be 
said this is the newest building of the Campus, since the Library was finished in 2005.  
 
In APPENDIX 1 it is shown the current aspect of this building. There are two main parts of it. 
While the tallest one contains the offices of technician (both teachers and research engineers), 
the black bodies of the building contains the main labs, workshops and machines where 
technician and thesis students could develop their projects. The studies carried out by them 
could be about building, indoor climate, energy or robotics. Moreover, there are some 
companies, which in most cases are subsidized by the state, which ask the technician to develop 
a particular part of a project or study. Some examples of enterprises that have PhD at this 
building are “Gavle i Energi”, “Solarus” or “District & Heating”. 
 
 
Figure 33. Original pictures of the external facades of Hus 45. 
According to the location of this building, it is placed on one side of the university campus, in 
Stenhammarsvägen 6, 80267, Gävle (Sweden). In the next picture (Figure 34)  it can be seen 
the location of Hus 45, which is in front of the building placed in the number 48 in the same 
street
27
. 
                                                 
26
 Provided by the web of the School http://www.hig.se/. 
27
 Figure 34 has been taken from Google Maps. 
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The building is situated at the latitude 60,7º (N) and longitude 17,1º (E), considering an 
elevation of 0 meters above the sea level. Moreover, the building structure is orientated 13° 
towards the east direction. 
 
 
Figure 34. Location of the Building 45 within the University area. 
In reference with the architecture of the building, this can be divided into four basic parts. 
Below, each part of the building is presented
28
. 
 
 Offices: This is where the main offices are located. It consists in three floors, without 
basement. It is different than the other building parts because of its walls painted with 
garnet colour. Here is where more doors and windows are placed, and where more 
occupancy activity is developed.  
 
 
Figure 35. Position of the Offices within the Building 45.  
Apart from considering the situation of this part within the whole building, it is necessary to 
show an specific detailed view of each floor. The first floor contains some student rooms, a 
conference room and a few labs (ergonomy or strees and physiological, for instance). The 
second floor is based on all the rooms for the technician, which are called “kontor” in Swedish. 
In this level there is also placed the electronic lab, the calibration lab and also two ventilation 
rooms. Finally, the third floor, whose rooms were built after the rest of the building was done, 
contains the different rooms for the art designer students of HiG. Apart from that, here there is a 
bibliotheca and a computer room. 
                                                 
28
 Figure 35, Figure 36, Figure 37, Figure 38 and Figure 39 have been taken from the drawings of Hus 45, 
which are attached in APPENDIX 1. 
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Figure 36. North facade of the Building 45. 
 Workshops: According to this sector, which is located at the east side of Hus 45, it is 
necessary to say that here it is where the main construction and fabrication machines are 
placed. This building part is formed basically by three workshops: the engineering, the 
metal and wood. It consists in only one floor. 
 
 
Figure 37. Position of the Workshops within the Building 45. 
 
 LabHall: The biggest area of the whole building. It covers the main rooms for testing, such 
as the wind tunnel room, geomatics labs, frozen chambers and solar collector testing roofs. 
It consists in one big hall without floor separations, but due to some present stairs, it is easy 
to get the two levels of rooms that compose the structure. 
 
 
Figure 38. Position of the LabHall within the Building 45. 
 Labs: Located at the west side of the whole building, this sector covers the rest of the labs 
in the building, for instance the concrete lab, the climate room, the analysis lab and also the 
carport. It is also one floor and it is the smallest building part of the whole Hus 45. 
 30 
 
 
Figure 39. Position of the Labs within the Building 45. 
 
 
3.2 Definition of the current ventilation and cooling system 
 
Taking into account some information that has been taken from the current cooling and 
ventilation systems, this chapter tries to describe in detail how they work and which are the 
common values of the cooling load in the study case building.  
 
The building is composed by four air handling units (AHU), which are named LB01, LB02, 
LB03 and LB04. Each one is provided by heating and cooling in order to condition the air 
properly. The heating demand for ventilation is 46 kW, while the cooling one is 80 kW. As it 
has been said, the heating system is not object of study in this project. However, it could be 
remarked that the heating demand is covered by District Heating and it is divided in: 
 
 VP1: Domestic Hot Water (between temperatures in the range of 105/50 ºC) 
 VS1: Radiators (using temperatures between 60/45 ºC) 
 VS2: Ventilation (temperatures in the range of 60/30 ºC)  
 
Before presenting the four AHU it will be described the chiller, which supplies chilled water to 
the AHU’s during the whole year. It is a CHA/K/ST 363-P model of chiller, based on a single 
refrigeration cycle by using three scroll compressors (3 stages). This kind of compressors is 
special because they use two interleaving scrolls to pump, compress or pressurize the fluid. In 
Figure 40 an explanation of how they work is presented when the working fluid is a gas. 
 
 
Figure 40. Operation sequence of how an scroll compressor works29. 
                                                 
29
 Extracted from  http://www.emersonclimate.com/asia/enAP/products/compressors/scroll_compressors/Pages/default.aspx. 
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Moreover, in Figure 41 it is shown a diagram of this refrigeration cycle (physical and 
thermodynamically).  
 
 
Figure 41. Schematic of the current chiller. 
According to the nominal condition of the cooling machine, its working temperatures are 
denominate TCI and TCO, mentioning to Inlet Chiller Temperature and Outlet, respectively. 
Below are the values of these two parameters, which were measured in the same building, by 
using the interface of one of the AHU central stations: 
 
 TCI = 7 ºC 
 TCO = 10,5 ºC 
 
 
Figure 42. Catalogue of the AHU current chiller (marked in red)30. 
As it could seen in the previous Figure 42, this machine could work at a nominal cooling power 
of 95,9 kW, being supplied by 31,6 kW of electricity. Based on these values, COP could be 
calculated: 
 
                                                 
30
 Extracted from http://www.clint.it/prodotti_catalogo_prodotti.php?m=20&m2=22&idf=2&lang=en. 
 32 
 
    
        
            
 
       
       
           
 
 
Figure 43. Original image of current chiller of the air handling units of Hus 45. 
However, at it has been previously explained, the machine is not working at his nominal point. 
It is delivering 80 kW of cooling instead of the 95,9 kW. For that reason, it has to be calculated 
the real electrical consumption from the COP value calculated before. 
 
                      
        
   
 
     
        
                   
 
In the APPENDIX 4 it is shown the original copies of the air flows of each room. In chapter 
4.1.9, a summary table of this information will be presented so as to explain how the air flow 
has been set up in the mathematical program IDA ICE 4.6.  
 
On the other hand, some important details of the air handling units must be explained in this 
paragraph
31
. Each unit is provided by the same heating and cooling source, i.e. they have the 
heating input from the room of District Heating room and the cooling input from the chiller 
previously presented (which is outside the building). 
 
 LB01: It is located on the second floor and in the same room as LB02 (Room 331). It 
supplies the air at 19ºC to the rooms. Once the air is in the respective rooms, it is mixed 
with the heating provided by the radiators in order to reach the set point of 22ºC. Moreover, 
it works from 06.00h to 18.00h, having activated the summer cooling mode during 01.00h 
to 06.00h. The summer cooling consists in stopping the fans control and opening them 
(100%) in order to take the fresh outside air into the building when the temperature inside is 
above 20ºC until it is 16ºC, then the fans become closed. This is allowed only when the 
outside temperatures are above 10ºC (in case not to have freezing problems in the system). 
This system is “ON” during the whole year, and it starts the first night when the temperature 
is above 10ºC. It covers the demand of four 4 rooms. 
 
 
Figure 44. Original images of LB01 (on the left) and schematics (on the right). 
                                                 
31
Schematics in Figure 44, Figure 45, Figure 46 and Figure 47 have been taken from the drawings. 
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 LB02: Found in Room 331 with LB01, it supplies the air at 19ºC to the rooms. It has the 
same characteristics as LB01, just the flows and pressures vary, however, these values of all 
the AHU’s are all presented in APPENDIX 4. It serves eighteen rooms of the building. 
About the summer cooling, it follows the same pattern as LB01. 
 
 
Figure 45. Original images of LB02 (on the left) and schematics (on the right). 
 LBO3: This AHU is placed in Room 326 and the main difference between this one and the 
previous ones is the supply air temperature, which is in this case 18ºC. It is the air handling 
unit that covers more the comfort demand of the rooms (it provides air to nearly 67 rooms). 
The summer cooling is always “ON”, as in the rest of the Air Handling Units, but in the 
case of this unit and also in LB04, the inside temperature range which the fans are 100% 
opened is from 23ºC to 19ºC (when the outside temperature is above 10ºC). 
 
 
Figure 46. Original images of LB03 (on the left) and schematics (on the right). 
 LBO4: It is placed in the Room 406, on the upper floor. In this case, the air flow is supplied 
at 22ºC and it could be said that this AHU is only focused on covering the 3
rd
 floor comfort 
demand, because just five rooms are provided by air treated in this system (LB04). 
 
 
Figure 47. Original images of LB04 (on the left) and schematics (on the right). 
As a redial, all the specific values measured in-situ of the air handling units are exposed in the 
APPENDIX 4. According to the schedules, these will be explained in the chapter 4.1.11, when 
the inputs of the mathematical programs are described. 
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3.3 Building cooling load and annual energy 
 
According to the current cooling load of the building, it has to be said that there are no specific 
data, which mean that is only possible the fact of approximating it by two acceptable methods. 
This could be done by using the nominal capacity of each component of the system (see 
chapter 3.3.1.). Moreover, in order to have more precision, a simulation of a certain period of 
time has been developed just to know another cooling load value. 
 
According to the annual energy that this building requires, it has been found some information 
about the electricity consumption and heating by District Heating
32
, in this case in 2012 and 
2013. That means that there is no registration of cooling values, but it gives a great pattern of 
how many electricity is used in the building, which will be compared with the results of the 
simulations. 
 
Figure 48. Annual electricity consumption of Hus 45 during 2012 and 2013. 
According to the summer period, which would be the one with a remarkable cooling activity, 
from April to September the total amount of electricity for these two years was: 
 
 April – September 2012 = 131191 kWh 
 April – September 2013 = 152831 kWh 
 
 
Figure 49. Instantaneous electricity consumption of Hus 45 during 2012 and 2013. 
In the previous graphic it could be seen that the power peak during summertime 
(approximately at hour 4225) is near 70 kW. Between hour 4577 and 5281 there is a strong 
decrease of electricity demand because of the summer holidays (operation hours are reduce 
drastically). 
                                                 
32
 This information  was provided by Gävle i Energi AB. 
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Figure 50. Annual district heating consumption of Hus 45 during 2012 and 2013. 
In this case, as no heating demand is analyzed, the only characteristic to comment is related 
with the notable decrease of the heating consumption during the summertime (from May to 
September). This is when the cooling system takes more importance, then it seems logical the 
decrease of the district heating usage. 
 
 
Figure 51. Instantaneous district heating consumption of Hus 45 during 2012 and 2013. 
Regarding Figure 51 it is shown more or less the same tendency as it could be appreciate in the 
annual energy values in Figure 50: the decrease of heating power during the summer months. 
 
 
3.3.1 Current cooling installation 
 
In this chapter, a value of the cooling machine is reminded. As it could be seen in chapter 3.2 
of this project, the current compressor cooler present the next characteristics: 
 
Table 3. Main parameters of the current chiller. 
Information about the current Chiller 
Parameter Value Units 
Pevaporator 80 kW 
Pcompression 26,4 kW 
Nº compressors 3 - 
COP 3 - 
Iconsumed 94 A 
Voltage 400 V 
Tci 7 °C 
Tco 10,5 °C 
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As explained before, the table only shows the nominal power values a capacity parameter. 
There is no data about energy, and it could not be considered a constant value of hours just to 
calculate the annual cooling energy required in the building. The reason is that the errors that 
can be committed while doing this assumption would be very influent and they will not have 
much feasibility. Moreover, it is quite complicate to divide the operation hours of the chiller 
because it follows a pattern connected with the ventilation system. The last one is able to work 
according to the outside temperatures, which means that external conditions (weather) must be 
considered. 
 
Apart from the Chiller, there are more cooling machines that supply some rooms with cooling 
energy. In the APPENDIX 4 it could be seen what kind of rooms need extra cooling. 
 
Table 4. Other cooling machines present at Hus 45. 
R.278 FLK R.279 KA1 
Pconsumed 1,5 kW Pconsumed 2,9 kW 
I 6,5 A I 2,9 A 
V 230 V V 230 V 
R.288 BEF AGGREGAT R.329B KA2 
Pconsumed 30 kW Pconsumed 1,8 kW 
I 130,4 A I 10 A 
V 230 V V 230 V 
R.332 EB2-LK GLOBAL ELECTRICITY 
Pconsumed 12,6 kW  CONSUMPTION FOR  
I 54, 8 A COOLING 
V 230 V 
 
75,2 kW 
 
 
As it could be seen the value in yellow is the sum of every cooling machine present in the 
building: 
 
                                                       
 
According to the values previously described the equation adopts the next expression: 
 
                                                      
 
Then, the hypothesis becomes larger and it is preferred to appeal to mathematical programs. 
The cooling load in a specific way is going to be calculating by one of these programs in the 
next chapter 3.3.2. 
   
 
3.3.2 Calculation by mathematical programs 
 
This chapter is just to present the next one, in which every step carried out for calculating the 
cooling demand of Building 45 is explained. The idea consists of creating a model of the 
building  by using IDA ICE 4.6 taking into account as much aspects as possible just to have a 
good approximation of the real case. Once everything is defined, the next step is to run the 
simulation which allows the fact of having some parameters of interest about cooling, such as 
temperatures, energy needed or power peak cooling demand. 
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In the next chapter 4 of this project, every step of this procedure is explained. The final results 
are shown in detail in chapter 4.2. As a summary, these are the most important values of the 
simulation. 
 
Table 5. Main results taken from the output simulation of IDA ICE 4.6. 
Mathematical program results 
Pcooling 73,2 kW 
COP 3 - 
Qcooling 221 kW 
 
Observing the previous table, it could be seen the proximity between the real (current) electrical 
consumption for cooling devices (75,2 kW) and the result of the same parameter by using a 
mathematical program (73,2 kW). 
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4 COOLING LOAD CALCULATION: IDA ICE MODEL 
 
4.1 IDA ICE model description 
 
With the purpose of calculating the cooling demand with precision it has been used IDA Ice 
(Indoor Climate Environment) 4.6, which is a simulation program developed by EQUA 
Simulation AB that allows the user to model a building for simulating the performance of the 
heating and cooling system in order to calculate some energy aspects, such as the heat gains, 
heat transferred. 
 
This chapter has been divided into some subchapters, in order to describe all the process 
followed for modelling the building and its simulation. Every step followed by using IDA ICE 
is exposed below: 
 
 Location and climate 
 Orientation and shadings 
 Body buildings 
 Definition of materials 
 Walls, ceilings, roofs, doors and windows 
 Zone definition 
 Room units and air flows 
 Air handling units (AHU) and cooling machine 
 Schedules 
 Other input parameters 
 Simulation 
 
Moreover, all the measures and information of Hus 45 required for creating the model have 
been proportionate by a research engineer
33
 from Högskolan i Gävle. However, the blueprints 
did not contain the whole measures, thus some data has been obtained by examining the entire 
building and by applying some conversion scale factors to manual measures on the blueprints 
given. More considerations are explained in APPENDIX 7. 
 
4.1.1 Location and Climate 
 
The simulation is focused on the Building 
45 (Hus 45) of the University of Gävle 
(Högskolan i Gävle). As shown in Figure 
52, the latitude is 60.7 North and the 
longitude is 17.1 East. The elevation 
considered is 0 meters above the level of 
the sea. On the other hand, Gävle has a 
time zone of +01:00 hours that must also 
be defined. 
 
Regarding the climate conditions, which 
allow the program to make a real 
simulation of the surrounding environment 
for every hour during a whole year, they 
are focused on the following variables 
shown in the graphic: 
                                                 
33
 This engineer is Leif Claesson. 
Figure 52. Blueprint of the whole area of Hus 45. 
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Figure 53. Climate parameters of Gävle provided by IDA ICE 4.6. 
The input climate information was taken from Meteonorm, which is a meteorological software 
that incorporates a catalogue of meteorological data and calculation procedures for solar 
applications and system design at any desired location in the world.  
 
Thus, the data is taken from a TRY
34
. The procedure that this software follows is based on the 
ASHRAE selection.  This consists in eliminating, in order of importance, those years in the 
period of record containing month with extremely high or low air temperatures until only one 
year remains. Extreme months are arranged in order of importance for energy comparisons. Hot 
Julys and cold Januarys are assumed to be the most important. All months are ranked by 
alternating between the warm half (May to October) and the cold half (November to April) of 
the year, with the months closest to late July or late January given priority [36]. In addition,  
Table 6 shows a report of the monthly values of each parameter previously defined. 
 
Table 6. Monthly values of climate parameters provided by IDA ICE 4.6. 
 
Variables  
Dry-bulb 
temperature, 
Deg-C  
Rel humidity 
of air, %  
Direct normal 
rad, W/m2  
Diffuse rad on 
hor surf, W/m2  
WINDX, 
m/s  
WINDY, 
m/s  
January  -2.7  82.4  22.7  7.1  -0.1  0.1  
February  -2.8  80.9  43.3  19.1  -0.2  -0.0  
March  -0.0  71.4  123.6  43.9  -0.1  -0.1  
April  5.9  66.4  209.2  67.4  -0.1  0.0  
May  11.4  63.5  210.6  96.1  -0.1  -0.1  
June  15.3  64.6  219.1  107.1  -0.1  -0.0  
July  17.9  71.1  222.6  98.6  -0.0  -0.0  
August  16.8  73.5  129.9  77.9  -0.0  0.0  
September  11.6  77.1  114.7  53.6  -0.1  -0.0  
October  6.2  81.7  55.3  29.7  -0.1  -0.0  
November  2.3  84.1  19.3  7.7  -0.1  -0.0  
December  -1.2  82.9  20.4  4.2  -0.2  0.0  
mean  6.8  74.9  116.2  51.2  -0.1  -0.0  
mean*8759.5 h  59240.3  656455.5  1018010.8  448451.4  -830.7  -94.0  
min  -2.8  63.5  19.3  4.2  -0.2  -0.1  
max  17.9  84.1  222.6  107.1  -0.0  0.1  
                                                 
34
 ”TRY” refers to Test Reference Year. 
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4.1.2 Orientation and Shadings 
 
The orientation of the building is defined by the angle between the north direction and the 
direction of the north facade of the building. As it could be seen in Figure 54, this angle has a 
value of 77º. 
 
Figure 54. Orientation of the building regarding the North direction. 
As there are no buildings really near to Hus 45, no external building that could cause some 
shadows to the study case building has been considered in the model. Rarely the building placed 
in Kungsbäcksvägen 48, which is in front of the north façade of Hus 45, could cause any 
shadow problems to the building 45. From now till the end the building model is defined 
without any external buildings around it. 
 
 
4.1.3 Body Buildings 
 
In relation to the body buildings that are considered for the creation of the model, there are four 
main body parts defined. It could be said these are the same as the ones presented in chapter 3.1, 
when the building was presented. But actually this is not true at all, since there have been some 
modifications for having an easier creation and simulation of the study case. In Figure 55 it is 
shown the body buildings considered (A: Workshops; B: Labhall; C: Labs; D: Offices). 
 
 
Figure 55. Representation of the body buildings modelled in IDA ICE 4.6 
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The word body building refers to the outline of the building. Four body buildings have been 
defined because of the geometry of the Hus 45. The limits of all the facades and the different 
roof surfaces of the whole building have to be set. Firstly the coordinates of the perimeter have 
to be defined. Moreover, the table below shows the coordinates of every point of the perimeter. 
 
Table 7. Coordinates for every point of the perimeter of Hus 45. 
Points Coordinates Points Coordinates 
X Y X Y 
1 0 0 7 0 41,1 
2 0 17,5 8 51,63 41,1 
3 51,63 17,5 9 51,63 60,9 
4 51,63 0 10 62,63 60,9 
5 0 32 11 62,63 0 
6 51,63 32    
 
The measures are taken from the blueprints proportionate by a research engineer who works at 
Hus 45. It is necessary to say that there have been some measures that have calculated using a 
conversion factor, according to the respective scale, by measuring them on paper. These 
calculated values could be seen in APPENDIX 2. Next Table 8 shows the height of each body 
building. 
 
Table 8. Heigh of each body building modelled in IDA ICE 4.6. 
Body Min. Height 
Max. 
Height 
Floor 
Height 
Min. Roof Max. Roof 
Roof 
Height 
Total 
Height 
Building 
 Level  
Hmin (m) 
Hmax (m) H (m) 
Level  
Rmin (m) 
Level  
Rmax (m) 
R (m) Htotal (m) 
OFFICES - - - 9,55 11,2125 1,6625 11,0125 
1st Floor 0 3,4 3,4 - - - - 
2nd Floor 3,5 6,7 3,2 - - - - 
3rd Floor 6,8 9,55 2,75 - - - - 
WORKSHOPS 0 2,6 2,6 4,67 7 2,33 4,93 
LABHALL 0 3,4 3,4 7,6 8 0,4 3,8 
LABS 0 2,6 2,6 3,572 4,7 1,128 3,728 
 
In addition to the roof information, the following scheme shows the coordinates of each point of 
the roofs that form each body building.  
 
Figure 56. Coordinate points of each body building modelled in IDA ICE 4.6. 
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Table 9. Specific location of the points presented on Figure 56. 
 
POINTS 
Coordinates a 
b 
(Workshops) 
b 
(LabHall) 
c 
(Workshops) 
c 
(LabHall) 
d e f 
g 
(LabHall) 
X 0 0 0 51,63 51,63 51,63 0 0 0 
Y 0 17,5 17,5 17,5 17,5 0 24,75 24,75 32 
Z 4,67 7 7,6 7 7,6 4,67 8 8 7,6 
 
POINTS 
 
Coordinates 
g 
(Labs) 
h (LabHall) h (Labs) i j k l m 
 X 0 51,63 51,63 0 51,63 51,63 62,63 62,63 
 Y 32 32 32 41,1 41,1 60,9 60,9 0 
 Z 4,7 7,6 4,7 4,7 4,7 3,572 3,572 4,67 
  
As it could be seen in the following Figure 56, there is a little difference between the real 
drawings and the final body buildings created with the program. The rooms 201, 238, 237 and 
the toilettes 234, 235, 236 have been placed in the body building Workshops instead of being in 
Offices. This is done in order to have the same structure for each floor of the body building 
Offices. If not, what it would be required a different design for the first floor, for the second and 
the third floor of the body building Offices. A glass separation in this zone between this two 
body buildings has been considered just to carry out this assumption. 
 
 
Figure 57. Wall consideration between two body buildings. 
 
To conclude with the body building definition, the following Figure 58 shows the external 
appearance of the whole building once the body parts and the roofs have been created. 
 
 
Figure 58. External appearence of the whole building in IDA ICE 4.6. 
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4.1.4 Definition of Materials 
 
The next steps are focused on defining the materials from walls, ceilings, roof, furniture and 
ground. The vast majority properties of all them have been taken from a previous study about 
the energy delivered in the building before this was built provided by Bjorn Karlsson. The 
corresponding information
35
 is added within the next Table 10.   
 
Table 10. List of materials used for modelling the building in IDA ICE 4.6. 
Material 
Thermal Conductivity Density Heat Capacity 
W/m·K kg/m3 J/kg·K 
Furniture material * 0,13 1000 1300 
Soil * 2 2000 1000 
Ground insulation * 0,036 32 750 
Concrete 1,7 2300 800 
Mineral Wool 0,05 50 840 
Polyurethane 0,028 30 1000 
Steel 60 7800 460 
Reglar-600 0,041 55 845 
Plywood 0,14 500 1500 
Plasterboard 0,22 900 1100 
Wood-14 0,14 500 2300 
Asfaboard 0,065 400 1170 
CellPlast-36 0,036 25 1400 
Aluminum (Gyproc Structure)** 204 2800 870 
Step sound board 2t (Paroc)** 0,037 250 1340 
Step sound board 1t (Paroc)** 0,035 250 1340 
Drainage Gravel 1,4 1800 1000 
Vinyl (Plastfolie) 0,01 1650 3000 
Floating Floor (Läggs Flytande)** 0,16 400 640 
Wood (for doors) 0,14 500 2300 
Glass (windows) * - - - 
Air* 0,025 1,2 1005 
 
 
4.1.5 Walls, Ceilings, Roofs, Doors and Windows 
 
The next step for modelling Hus 45 in IDA ICE 4.6 is defining the walls, door and windows in 
order to calculate the U-value of each part of the building. What the program develops is a 
simulation based on an energy balance about the whole building. To do it, first it is necessary to 
obtain the individual U-values and after that, calculate the global U-value of the building, which 
                                                 
35
 The materials marked with “*” have been taken from the data base of IDA ICE 4.6. Otherwise, the ones 
marked with “**” have been extracted from other sources: Aluminum (Gyproc Structure), has ben 
extracted from http://www.gyproc.se/files/Gyproc/Library/Handbook/SE/HB8-2.1.1.pdf; Step sound boards (1t 
and 2t) are taken from http://www.gyproc.ie/index.php/products/plasterboards/16 and the Floating floor 
information is provided by the source http://www.chhwoodproducts.com.au/r-flor/ 
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will be shown in chapter 4.2 in the Input Data Report. With this value, it would be able to 
calculate the heat gains and consequently cooling demand. The following equation is the 
starting point for calculating U-value. 
 
   
 
                                                    
 
   
 
 
Where each resistance could be written according to: 
 
            
 
  
              
 
 
 
 
Then, the final expression used by the program in order to calculate the U-value is: 
 
   
 
 
          
  
  
   
 
          
 
   
 
 
In the next Table 11, the compositions of the walls, windows, doors, floors, roofs and ground 
are collected, as well as the thickness and the U-Value. 
 
Table 11. Composition of the walls of Hus 45. 
Element 
Layer Layer Thermal Density Heat U-value Element 
Material 
Thickness 
(m) 
Conductivity 
(W/m·°C) (kg/m3) 
Capacity 
(J/kg·°C) (W/m
2
·°C) 
Thickness 
(m) 
R-HALL 
(Roof Hall) 
Mineral Wool 0,15 0,05 50 840 
0,1211 0,4 
Mineral Wool 0,1 0,05 50 840 
Polyurethane 0,008 0,028 30 1000 
Mineral Wool 0,14 0,05 50 840 
Steel 0,002 60 7800 460 
R-OFFICE 
(Roof 
Office) 
Mineral Wool 0,4 0,05 50 840 
0,1207 0,6 
Concrete 0,2 1,7 2300 800 
EW-HALL 
(Hall 
external 
wall) 
Steel 0,002 60 7800 460 
0,1737 0,25 
Mineral Wool 0,02 0,05 50 840 
Reglar-600 0,195 0,041 55 845 
Polyurethane 0,008 0,028 30 1000 
PlyWood 0,012 0,14 500 1500 
Plasterboard 0,013 0,22 900 1100 
EW-OFFICE 
(Office 
external 
wall) 
Wood-14 0,022 0,14 500 2300 
0,1292 0,35 
Asfaboard 0,016 0,065 400 1170 
Reglar-600 0,07 0,041 55 845 
Reglar-600 0,17 0,041 55 845 
Polyurethane 0,002 0,028 30 1000 
Reglar-600 0,045 0,041 55 845 
PlyWood 0,012 0,14 500 1500 
Plasterboard 0,013 0,22 900 1100 
EW-3F 
(3
rd
 Floor 
external 
wall) 
Wood-14 0,022 0,14 500 2300 
0,1453 0,5 
Asfaboard 0,038 0,065 400 1170 
Reglar-600 0,07 0,041 55 845 
Reglar-600 0,17 0,041 55 845 
Concrete 0,2 1,7 2300 800 
B-GROUND 
(Ground 
Drainage 
Gravel 0,15 1,4 1800 1000 
0,2192 0,5 
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basis) CellPlast-36 0,15 0,036 25 1400 
Concrete 0,2 1,7 2300 800 
B-FLOORS 
(Floors 
basis) 
Step Sound 
Board 1 0,04 0,035 250 1340 
0,3812 0,1 
Step Sound 
Board 2t 0,015 0,037 250 1340 
Floating Floor 0,019 0,16 400 640 
Plasterboard 0,019 0,22 900 1100 
Vinyl 0,007 0,01 1650 3000 
IW 
(Internal 
wall) 
Vinyl 0,0025 0,01 1650 3000 
0,1828 0,15 
Aluminum 
(Gyproc 
Structure) 0,0125 
204 2800 870 
Air 0,12 0,025 1,2 1005 
Aluminum 
(Gyproc 
Structure) 0,0125 
204 2800 870 
Vinyl 0,0025 0,01 1650 3000 
DOORS Wood 0,04 0,14 500 2300 2,194 0,04 
DOORS 
ALIMINUIM 
Aluminum 
(Gyproc 
Structure) 0,04 
204 2800 870 
5,882 0,04 
DOORS 
STEEL Steel 0,04 60 7800 460 5,859 0,04 
WINDOWS 2 Glass 0,016 - - - 1,3 0,016 
 
 
4.1.6 Zone definition 
 
At this step of the modelling, all types of wall, 
ceiling and roof have to be used in order to have all 
rooms defined and connected with the surrounding 
by the usage of the properties mentioned before. 
Furthermore, the height of each floor has to be 
defined.  
 
The toilet areas have been considered as a unique 
room because of their activity level. The space of the 
elevator space has not been considered. The stair’s 
space has also been considered as a single room, like 
for instance, Trappa 1-N (northern stairs on the first 
floor). 
 
 
Next Table 12 collects a summary list of rooms and the place where they are located within the 
building (more information about the name of the rooms is collected in APPENDIX 3). 
 
Table 12. List of rooms within the Building 45. 
201 221 261 287.1 317 Spiral 2 
202.H 222 262 288.1 318 Trappa 2-N 
202.O 223 264, 265, 266 Spiral 1 319 Trappa 2-S 
203 224 267, 268 Trappa 1-N 320 401 
204 225 269 Trappa 1-S 321 402 
Figure 59. Zone definition of the first floor of Hus 45. 
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205 226 270 301 322 403, 404, 405 
206 227 271 303 323 406 
207 228 272 304 324 407 
209 230 273 305 325 408 
210 232, 233 274 306 326 409 
211 234, 235, 236 275 307 327, 328, 330 410 
212 237 276 308 329 411 
213 238 277 309 331 412 
214 239 278 310 332 Trappa 3-N 
215 251 279 311 340 Trappa 3-S 
216 252 280 312 341 
 217 254 281.1 313 281.2 
 218 256 282.1 314 282.2 
 219 257 284 315 287.2 
 220 258 286 316 288.2 
  
 
4.1.7 Definition and Location of doors and windows 
 
This chapter describes the doors and windows considered for creating the model in IDA ICE 
4.6. 
 
 DOORS: 
 
According to the doors creation, first of all it is necessary the fact of presenting which are the 
different kind of doors that the current building is using nowadays. Here a list of the main types 
of doors is presented. 
 
 Wood doors: This is the common type of openings used in the entire model. It is the 
typical one for offices. In the IDA ICE model they have been considered with 40mm of 
thickness and the properties of their wood are extracted from the standard wood which 
contains IDA ICE 4.6. The reference for these kinds of doors is: D10 and GD10. There 
are more types of wood doors (see APPENDIX 5). However, with the purpose of 
having an easy simulation the main type door has been D10, since the only difference 
between this and GD10 was the door frame (all the measures are the same). 
 
 Aluminium doors: This is the common type of 
openings used in the labs and some special rooms 
which are not offices. There are two types of 
reference, one for the internal doors (for instance 
AP20), and other for external openings (like 
YAP18H
36
). As for the wood doors, here it has 
been necessary to make some assumptions within 
the whole range of aluminium doors that are 
presented in the current building. This means, 
decreasing the range of this kind of openings and 
working with the main type just to make the 
                                                 
36
 In this case, the nomenclature “YAP” refers to:Y = yttre (external), A = aluminum and P = port. 
Figure 60. External appearence of Hus 45 
with doors placed on its facades. 
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simulation easier. This will not cause any important difference in the final results as the 
only things that change are measures and shapes. The aluminium properties are exposed 
in APPENDIX 5. 
 
 Steel doors: This is the common type of openings used in some labs and some external 
doors. The outside ones are usually big. There is also a specific reference for the doors 
which are located in the internal walls or in the external walls. For instance, SD10B 
would be one example of an internal steel door. On the other hand there is YSD10a as 
an external steel door. The steel properties are described in APPENDIX 5. 
 
 WINDOWS: 
 
According to the definition of the windows, it has been considered five different kinds of 
windows. Since the drawings of the building show too many different kind of wood and 
aluminium windows there have been taken into account just the following ones. 
 
 Big windows at the North facade: This refers to the windows shown in the picture 
below. This kind of window is referenced by TP9a, whose measures are 0,88x2,09m. 
 
Figure 61. Location of the big windows at the North facade. 
 Small windows at the North facade: In reference to the main windows that form the 
north facade, the common windows used in that wall are TP9a with the measures 
0,88x1,79m. 
 
Figure 62. Location of the small windows at the North facade. 
 Double floor windows: These windows are located on the left side of the north facade 
concretely on the first and second floor. The type of that window is TP8 and its 
measures are 0,78x3m. 
 
Figure 63. Location of the double floor windows. 
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 Little windows: These windows are located on the right side of the north facade and 
around the hall building. The type of that window is TP27 and its measures are 
0,86x0,99m. 
 
Figure 64. Location of the little windows. 
 Corner windows: According to the corners of the office building, the windows 
modelled are of type YAP16X. The measures of these are: ”A”=1,61x0,6; ”B”=1,61x2,9 
and ”C”=1,61x2,49 mm  
 
 
Figure 65. Location of the corner windows.  
 
 Office windows at Sidewalls: The windows shown on the picture are modelled by type 
TP16, having a dimension of 1,58x2,09m. 
 
Figure 66. Location of the office windows at sidewalls. 
 
4.1.8 Occupants, Lighting and Equipment 
 
It is also required the fact of defining all these variables for each room of the building. 
Inspecting the building has been necessary so as to carry out a list of people, lighting and 
equipment of the building, which is presented in APPENDIX 6. 
 
 People  
 
The emitted heat to the environment varies depending on the amount of people per room. For 
this reason, the number of people per zone is an important variable to take into account because 
of the different distributions of workers in the whole building and also their schedules, which 
will be explained later. It has been considered that the main activity level of the workers is 1 
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MET, which value corresponds to 58.2 W/m
2
 of body surface, which is the amount that an 
inactive person (one sitting person) is assumed to emit [37]. 
 
 Lighting  
 
Another important point is heat gain from the lighting of the rooms. The total number of bulbs 
and fluorescents that every room has is also taken into account. For instance, the Labhall has a 
big amount of lighting, so it has a different distribution than other rooms with less lighting. 
Moreover, two main considerations (with the exception of those explained in APPENDIX 6) 
have been taken: 
 
 There are only two kinds of lighting units: 
o Light bulbs with an electrical power of 55 W. 
o Fluorescents with an electrical power of 35 W. 
 
 The convective fraction of every unit, i.e. the part of the electrical consumption that is 
emitted as heat, is presented below: 
o 0,3 for light bulbs. 
o 0,1 for fluorescents. 
 
 
Figure 67. Origianl pictures taken from Hus 45 of bulbs and fluorescents. 
Regarding people, the schedule of the lighting has to be considered as well. This will be 
explained later in more detail.  
 
 Equipment  
 
The equipment is another source of heat emission to the environment. In this study case, the 
Building 45 has even particular units to cool some rooms where some machines or engines are 
located. Heat emitted by equipment is an important point to take into account just to calculate 
the cooling demand of the building. The basic considerations for the equipment are explained in 
the APPENDIX 6. The schedule of the equipment and machines will be further explained in 
chapter 4.1.11. 
 
 
4.1.9 Room units and Air Flows 
 
In this chapter room units for cooling and the air flow utilized for the modelling are commented. 
 
 Room units  
 
A room unit is defined as a device that supplies the room of the model with warm or cold air
37
. 
In this case, all the rooms have been equipped with ideal coolers that cool the room when no 
detailed information about an actual room unit is available or this amount of detail is 
                                                 
37
 This explanation is extracted from the “User Manual of IDA indoor climate and energy” provided by 
EQUA Simulations AB. 
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unmotivated, such as a fan coil or active chilled beam. They do not have a physical location on 
any room surface and they are not connected to the plant of the building (chiller, in this case). 
These ideal coolers will add the extra supply of cooling to the air handling unit cooling, in order 
to reach the correct comfort environment. The value of cooling from these room units will be 
divided then into an ideal term and into cooling energy that it is really supplied by the five 
particular units that are now installed in the building but that they are not modelled in IDA. 
 
 
 Air Flows  
 
The air flows of each room and from each corresponding Air 
Handling Unit have been found in the ventilations files given 
by “Norrporten”. In these files, the air inlet and the air 
exhaust of most of the rooms are described. They collected in 
APPENDIX 6. Some rooms have no air inlet and outlet, which 
means that they are corridors; and the ventilation is done by 
the successive openings of the doors that are in contact with 
them. Other important point is that some rooms had noted just 
the inlet air value, but having inspected the building, in these 
rooms there is also a hole on the wall just to equilibrate the air 
flow. 
 
Another observation according to the ventilation files that could be seen in the APPENDIX 6 is 
that some rooms just have exhaust air. For instance, the toilettes (WC), because they do not 
need ventilation and just extract some air to reach a good smell inside them. 
 
In the next table, the values for all the air flows of every room found in the ventilation files are 
shown in a summary way
38
: 
 
Table 13. Air flows of every room designed in IDA ICE 4.6. 
LB01 LB03 
Room Air inlet (l/s) Air Exhaust (l/s) Room Air inlet (l/s) Air Exhaust (l/s) 
401 306 305 228 30 - 
276 115 80 332 27 27 
274 290 55 303 50 50 
273 290 350 304 * 24 - 
LB02 305 * 24 - 
Room Air inlet (l/s) Air Exhaust (l/s) 306 * 24 - 
280 161 162 307 71 70 
278 105 65 308 * 24 - 
275 105 105 309 * 24 - 
272 20 20 310 * 24 - 
270 208 212 311 * 24 - 
269 * 60 60 312 * 24 - 
251 855 855 313 * 25 - 
281 550 525 314* 24 - 
277 - 20 315 * 23 - 
279 - 20 316 * 24 - 
                                                 
38
 The values with an “*” refers to rooms with no defined air exhaust value. However it has been 
considered the same value as the air inlet since there is a ventilation hole on the wall in these rooms. 
Figure 68. Real ventilation holes on the wall. 
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341 - 30 317 * 24 - 
261 - 25 318 * 24 - 
262 - 25 319 * 24 - 
264 - 20 320 * 24 - 
265 - 20 321 * 24 - 
266 - 20 322 20 20 
252 - 25 323 * 27 - 
239 - 40 324 * 27 - 
203* 30 - 325 * 27 - 
Trappa 1-S * 50 - 301 - 152 
Trappa 2-S * 50 - 329 - 261 
Trappa 3-S * 50 - 330 
 
30 
204 30 30 327 - 20 
237 * 40 - 328 - 20 
238 * 40 - 234 - 20 
205 50 49 235 - 21 
207 * 30 - 236 - 20 
209 50 20 237 - 41 
210 79 30 206 - 20 
215 * 50 - 211 - 25 
218 50 50 212 - 25 
219 61 60 213 - 10 
220 61 60 230 - 10 
221 30 30 232 - 20 
222 20 20 233 - 20 
223 20 20 LB04 
Trappa 1-N * 30 - Room Air inlet (l/s) Air Exhaust (l/s) 
Trappa 2-N * 30 - 401 790 705 
Trappa 3-N * 30 - 407 - 20 
224 40 43 403 - 20 
225 40 43 404 - 20 
226 40 43 405 - 15 
 
 
 
4.1.10 Air handling units (AHU) and Heating/Cooling (PLANT) 
 
As explained before, there are four air handling units to be 
modelled in the mathematical program, in this case IDA ICE 4.6. 
It is only object of interest the fact of studying the cooling 
demand, so that it has not been considered any heating parameter 
in the model. In order to design the chiller inputs it has been 
created the standard “PLANT” that IDA proposes.   
 
 
Figure 69. Final HVAC system modelled. 
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Figure 69 shows the final Handling Ventilation Air Conditioning (HVAC) systems, which is 
based on four AHU´s and one plant. Below it is described the way of how to model an air 
handling unit is defined.  
 
 AIR HANDLING UNITS MODEL 
 
According to the AHU, next Figure 70 shows the schematics followed for designing each air 
handling units present at Hus 45.  
 
 
Figure 70. Main elements of the air handling unit model in IDA ICE 4.6. 
1. Supply Air Temperature: It is not a constant supply exactly. It follows the graphic 
below. In this case the setpoint is 19°C corresponds to LB01, but as it has been 
explained, this value changes for each AHU (19°C for LB02, 18°C for LB03 and 22°C 
for LB04). It has also to be said that, as it could be seen in the picture, the value for 
LB01 is 18ºC not 19ºC. The reason for is that the supply fan cause an increase of 1ºC, 
then to get the desired temperature this increase has to be contemplated. This fact is 
fixed by subtracting this degree to the cool coil temperature. The same happens to the 
other AHU’s. In order to earn some energy, the system has defined the option of 
“summer cooling” (always activated), which means that it takes external air when the 
outside temperature is between 10ºC and the inside setpoint temperature.  
 
 
Figure 71. Graphical performance of the supply air temperature. 
2. Heat Exchanger Operation: In this case, it is always off, since heating demand is not 
object of interest in this project. 
 
3. Fan Operation: This corresponds to the schedule followed by the respective air 
handling unit, which is the same for the four units. A detailed description of this 
schedule is explained in chapter 4.1.11. 
 
2 1 3 
4 6 5 
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4. Pumps (Air Supply/Air Exhaust): Each one has been modelled according to the SFP 
(Specific Fan Power; see last page of APPENDIX 4). Also the flow supplied and the 
exhaust one must be defined.  
 
5. Cool Coil: In this case the only thing required is to determine the effectiveness, which 
for every AHU has been considered as 1. 
 
6. Heat Coil: As no heating demand is considered, the effectiveness has been defined as 0. 
 
 
 PLANT MODEL 
 
According to the cooling source that provides the AHU’s with chilled water, next Figure 72 
shows the schematics followed for the design.  
 
 
Figure 72. Main components of the Plant Model. 
 
1. Domestic Hot Water Schedule: No DHW39 has been contemplated in this project, so 
that this option is always OFF. 
 
2. Boiler Operation: In this case, it is always off, since heating demand is not object of 
interest. 
 
3. Boiler Definition: The main parameters of this machine have not been modified, since 
the schedule of it is “always off”.  
 
4. Chiller Operation: This machine follows the schedule of “Always ON”, since it is 
working during the whole year.  
 
5. Chiller Definition: Some parameters must be defined here, as the COP, which is 3,025 
as it has been calculated in chapter 3.3.1 of this project. Also the AHU supply setpoint  
temperature has been defined with 7ºC. 
 
 
4.1.11 Schedules 
 
In this chapter, operation schedules of people, lightning, equipment and air handling units 
(AHU’s) and the Chiller are described.  
 
                                                 
39
 ”DWH” refers to Domestic Hot Water. 
 55 
 
 People, Lightning, Equipment: 
 
There are some schedules for these three terms, but in any case, the three parameters follow the 
same pattern (schedule) when they are present at any room. Namely, if the occupants follow the 
schedule “Operation Hours”, the lights follow also the same one. 
 
o Never Present or Always Off  From Monday to Sunday (all the year)  
 
 
Figure 73. Schedule of ”Never Present” extracted from IDA ICE 4.6. 
o Operation Hours: Applied to the Offices, Lab Hall, Workshops and Labs. 
 (8.00 to 12.00 & 13.00-17.00)  From Monday to Friday (all the year except 
Summer Holidays) 
 (9.00 to 10.00)  From Monday to Friday (during Summer Holidays) 
 
 
Figure 74. Schedule of ”Operation Hours” extracted from IDA ICE 4.6. 
o Extraordinary Meeting Hours: Applied to the Conference Rooms. 
 (9.00 to 11.00)  Only used on Wednesdays (all the year except Summer 
Holidays) 
 Never Present  During Summer Holidays 
 
 
Figure 75. Schedule of ”Extraordinaty Meeting Hours” extracted from IDA ICE 4.6. 
o Lunch Time: Applied to the Living Rooms. 
 (12.00 to 13.00)  From Monday to Friday (all the year except Summer 
Holidays) 
 Never Present  During Summer Holidays 
 
 
Figure 76. Schedule of ”Lunch Time” extracted from IDA ICE 4.6. 
 56 
 
o Machine Operation: Applied specially to the machines located in Workshops and Lab 
hall (heavy machine). 
 (9.00 to 10.00 & 11.00 to 12.00)   Working at half capacity (50%), from 
Monday to Friday (all the year except Summer Holidays) 
 (10.00 to 11.00)  Working at full capacity, from Monday to Friday (all the 
year except Summer Holidays) 
 Always Off   Weekends and Holidays. 
 
 
Figure 77. Schedule of ”Machine Operation” extracted from IDA ICE 4.6. 
 
 Air Handling Units (AHU’s): 
 
There is just one schedule for the four air handling units previously introduced. 
 
o AHU: Applied on each air handling unit (LB01, LB02, LB03 and LB04). 
 (18.00 to 06.00)   Working at lower capacity (33%), from Monday to Friday 
(all the year except Summer Holidays). 
 (06.00 to 18.00)  Working at full capacity, from Monday to Friday (all the 
year except Summer Holidays) 
 (Working at lower capacity, 33%)   Weekends and Holidays. 
 
 
Figure 78. Schedule of ”AHU” extracted from IDA ICE 4.6. 
 
 Chiller: 
 
o Always On: Applied only on the main chiller that conforms the Plant. 
 Always at full capacity  All the year, including Weekends and Holidays. 
 
Figure 79. Schedule of ”Always On” extracted from IDA ICE 4.6. 
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4.1.12 Simulation 
 
As a summary of the previous steps carried out, the next table shows the input data that has been 
defined to create the model: 
 
Table 14. Input Data report provided by IDA ICE 4.6. 
Wind driven infiltration airflow rate  2666.306 l/s at 50.000 Pa  
Building envelope  Area [m2]  U [W/(K m2)]  U*A [W/K]  % of total  
Walls above ground  1707.93  0.14  245.54  13.47  
Walls below ground  0.00  0.00  0.00  0.00  
Roof  2735.37  0.12  330.99  18.15  
Floor towards ground  2688.20  0.08  221.41  12.14  
Floor towards amb. air  0.00  0.00  0.00  0.00  
Windows  221.36  1.37  303.27  16.63  
Doors  110.78  5.79  641.29  35.17  
Thermal bridges  
  
80.94  4.44  
Total  7463.65  0.24  1823.44  100.00  
 
Thermal bridges  Area or Length  Avg. Heat conductivity  Total [W/K]  
External wall - Internal slab  531.23 m  0.005 W/(K m)  2.550  
External wall - Internal wall  650.36 m  0.005 W/(K m)  3.252  
External wall - External wall  46.57 m  0.060 W/(K m)  2.794  
Window perimeter  733.32 m  0.020 W/(K m)  14.666  
External door perimeter  165.90 m  0.020 W/(K m)  3.318  
Roof - External wall  323.91 m  0.070 W/(K m)  22.674  
External slab - External wall  240.61 m  0.080 W/(K m)  19.249  
Balcony floor-External wall  5.85 m  0.010 W/(K m)  0.059  
External slab - Internal wall  1414.55 m  0.005 W/(K m)  7.073  
Roof - Internal wall  1061.50 m  0.005 W/(K m)  5.308  
External wall - Inner corner  21.05 m  0.000 W/(K m)  0.000  
Total envelope  7461.76 m2  0.000 W/(K m2)  0.000  
Extra losses  -  -  0.000  
Sum  -  -  80.942  
 
Windows  Area [m2]  U Glass [W/(K m2)]  U Frame [W/(K m2)]  U Total [W/(K m2)]  U*A [W/K]  Shading factor g  
ENE  30.72  1.30  2.00  1.37  42.09  0.68  
SSE  27.29  1.30  2.00  1.37  37.39  0.68  
WSW  35.26  1.30  2.00  1.37  48.31  0.68  
NNW  128.09  1.30  2.00  1.37  175.49  0.68  
Total  221.36  1.30  2.00  1.37  303.27  0.68  
 
Air handling 
unit  
Pressure head supply/exhaust 
[Pa/Pa]  
Fan efficiency 
supply/exhaust [-/-]  
System SFP 
[kW/(m3/s)]  
Heat exchanger temp. ratio/min 
exhaust temp. [-/C]  
LB01  840.00/840.00  0.60/0.60  1.40/1.40  0.00/1.00  
LB02  1080.00/1080.00  0.60/0.60  1.80/1.80  0.00/1.00  
LB03  1080.00/1080.00  0.60/0.60  1.80/1.80  0.00/1.00  
LB04  480.00/480.00  0.60/0.60  0.80/0.80  0.00/1.00  
 
DHW use  L/per occupant and day  No. of persons  Total, [l/s]  
 0.000  360.623  0.000  
 
 
Furthermore, before starting the simulation the time period of the simulation has to be defined. 
As it has been explained, the simulation will consider summertime, from the first day when the 
outside temperature is higher than 18ºC, which is the temperature of air supply of two of the 
four air handling units (LB01, LB02). In wintertime the cooling demand has been negligible. 
Hence, the period of the simulation is defined from the 10
th
 of April to the 25
th
 of September. 
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4.2 Final Results 
 
Between all the result options that IDA ICE offers, within the cooling simulation mode, in this 
project it will be considered the following ones:  
 
o AHU temperatures 
o Total Cooling 
o Delivered energy of the system  
o System’s energy 
o AHU energy 
o Main Temperatures 
o Energy 
 
All of them are important but attending to the main point of investigation in this first part of the 
project, the ones which are really interesting in order to draw conclusions are the Total Heating 
and Cooling (in this case reduced to the Cooling) plot and the Delivered energy of the system 
report. They are exposed below. 
 
 Total Cooling 
 
In this plot is shown all the cooling power delivered in the building by the Air Handling Unit 
cooling coil power and by the Room Units (ideal coolers and real coolers that have not been 
modelled). As it could be seen, due to its schedule and operation mode, the AHU cooling coil 
works mainly at summertime, while the room units work during the whole year. The reason is 
that there are some rooms that require cooling and ventilation all the time, like room 279 (a very 
small room which contains a lot of machines). 
 
 
Figure 80. Total cooling power (obtained by IDA simulation). 
While the peak power is 222 kW (by the end of June, hour = 4834), the red line in the graphic 
shows the value of cooling power below which the system is operation the 95,22% of the time: 
100 kW.  
 
 
 Delivered Energy 
 
On the other hand, the delivered energy results give the option of comparing the electricity 
consumption for cooling (in terms of energy and power) and also the possibility of knowing the 
annual electricity demand of the building, taking into account lighting, cooling and equipment. 
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Table 15. Composition of delivered and demanded electricity (energy and power). 
 
Delivered energy Demand 
kWh kWh/m2 kW 
 
Lighting, facility  35031 7.4 21.05 
 
Electric cooling  22624 4.8 73.17 
 
HVAC aux  29810 6.3 15.1 
   Total, Facility electric  87465 18.6 
 
    
   
 
Fuel heating  0 0.0 0.0 
 
Domestic hot water  0 0.0 0.0 
   Total, Facility fuel*  0 0.0 
 
   Total  87465 18.6 
 
    
 
Equipment, tenant  50075 10.6 147.0 
   Total, Tenant electric  50075 10.6 
 
   Grand total  137540 29.2 
 
 
As it could be seen in red colour, the cooling machines demand 73,17 kW of electrical power, a 
value that is almost the same as the real one (75,25 kW). Moreover, the total electric energy 
consumed by the building is 1375540 kWh (in blue), which if it is compared with the real 
electrical energy consumed during the same period in 2012 and 2013, this value is between 
these two:  
131191 kWh < 1375540 kWh < 152831 kWh. 
 
This two satisfactory verifications show that the simulation has been successful and quite 
accurate.  
 
Figure 81. Graphical representation of the parameters in the Table 15. 
In terms of monthly values, the distribution of the previous terms in the graphic is described in 
the next table (in red the electricity required by the cooling devices). 
 
Table 16. Monthly distribution of energy at Hus 45. 
Month 
Facility electric Facility fuel (heating value) Tenant electric 
Lighting, 
facility 
Electric 
cooling 
HVAC 
aux40 
Fuel 
heating 
Domestic hot 
water 
Equipment, 
tenant 
(kWh) (kWh) (kWh) (kWh) (kWh) (kWh) 
4  4624.0 997.0 3692.0 0.0 0.0 6403.0 
5  6798.0 2307.0 5429.0 0.0 0.0 9393.0 
6  6460.0 4877.0 5227.0 0.0 0.0 8913.0 
7  5005.0 7012.0 5601.0 0.0 0.0 8415.0 
8  6510.0 5438.0 5314.0 0.0 0.0 8870.0 
9  5634.0 1993.0 4547.0 0.0 0.0 8081.0 
Total  35031.0 22624.0 29810.0 0.0 0.0 50075.0 
                                                 
40
 This term is related with pumping and other auxiliary consumption. 
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As a conclusion of this first part of the Project (obtaining the cooling demand of the building), 
the next table shows the most important values from the all presented. 
 
Table 17. Main results taken from the output simulation of IDA ICE 4.641. 
Mathematical program results 
Pcooling 73,2 kW 
COP 3 - 
Qcooling 221 kW 
 
The next chapter is focused on solving the second part of this project: designing two kind of 
solar cooling alternatives for covering the 95,22% of the cooling peak demand of Hus 45, 
which means covering the 22624 kWh of electricity required for the current cooling devices or, 
what is the same, covering the 68437,6 kWh in terms of cooling. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
41
 This table is the same Table 5 presented in chapter 3.3.2. 
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5 SOLAR COOLING SYSTEM AT HUS 45: POLYSUN 
MODEL BASED ON ABSORPTION 
 
5.1 POLYSUN model description 
 
In this chapter the model created in PolySun will be defined. Next subchapters try to summarize 
the most important parameters taken into account in order to run the simulation. These ones are: 
 
 Location and Climate 
 Template 
 Building specification 
 Basic calculation for dimensioning the system 
 ETC selection 
 Storage tanks selection 
 Absorption chiller selection 
 Wet recooler selection 
 Other input parameters 
 Simulation 
 Results 
 
5.1.1 Location and Climate 
 
As it has been defined for the IDA simulation, it must be necessary to define a climate profile of 
the study zone. This file has also been provided by Metheonorm. Also the location must been 
defined in order to calculate the incidence radiation on evacuated tube collectors. 
 
 
Figure 82. Location of Gävle defined in PolySun. 
As it was explained in the IDA simulation part, the climate file contains information about 
Global Horitzonal Irradiation (Gh), Diffuse Horitzontal Irradiation (Dh), Ambient Temperature 
(Tamb), Wind Speed and Relative Humidity. 
 
 
5.1.2 Template 
 
In order to develop an Absorption System it has been chosen the next template proposed by 
PolySun, based on evacuated tube collectors, one storage tank for the solar loop (hot water 
tank), an absorption chiller machine (instead of an adsorption machine with less COP), a 
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cooling tower (wet recooler), a second storage tank for the user loop (cold water tank) and fan 
coils. 
 
 
Figure 83. Basic absorption cooling schematic proposed PolySun. 
 
 
5.1.3 Building specification 
 
It is required the fact of defining some building parameters in order to run the simulation 
accurately. That means defining some aspects by taken the appropriate information from the 
IDA results. These parameters are, for instance, the area of the building
42
, the floor height, the 
building orientation and the absences of the occupants. 
 
 
Figure 84. Building specification in PolySun. 
As it could be seen in the picture above, there is a profile created with the name H45 (Hus 45 in 
Swedish). This one contains some more information about the kind of building that allows the 
programme to calculate the cooling demand. That means it is not possible the fact of defining 
the monthly cooling demand by taken the results from IDA, but it is possible to use the specific 
cooling power demand and the specific cooling energy demand and some other values like U-
value, the fraction of windows in each side of the building. Moreover, it also can be defined the 
g-value (Solar energy transmittance coefficient of windows).  
 
 Specific Cooling Power Demand: 41,2 kW/m2 
 Specific Cooling Energy Demand: 16,6 kWh/m2 
 U-Value of the Building: 0,24 W/(K·m2) 
                                                 
42
 It is considered only one floor in order to introduce easily the input parameters in PolySun. 
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 Windows Fraction: North Facade (70%), South Facade (15%) and East and West 
Facade (10%). 
 g-Value: 0,7  
 
There are more parameters that have been defined as standard values, for example the air 
change rate or the air infiltration (not considered). This will not practically affect the results of 
the simulation. 
 
 
5.1.4 Basic calculation for dimensioning the system 
 
In this chapter what is presented is the main procedure followed in order to dimensioning the 
system. That means doing some energy balance at the main blocks of the system so as to select 
the capacity of the tanks, the number of collectors, the capacity of the chiller, the number of fan 
coils and the type of the cooling tower. Is it also important (and not described here) the 
calculation of the optimal tilt angle of the collectors, which is explained in APPENDIX 8. 
 
First of all, it has to be said that the system is created for covering a cooling power of 100 kW. 
During the IDA simulation explanation it has been commented almost the 96% of the operation 
hours between April to September require a cooling capacity under this value. The schematic 
below presents the main procedure followed to dimensioning the system: 
 
 
 
Figure 85. Main steps of the absorption system calculations. 
 
The equations followed for the dimensioning are the one explained below. In order to have an 
easy comprehension of the procedure, this has been exposed carefully step by step. 
 
1) First of all a chiller must be selected from PolySun catalogue (Pchiller > Pcooling = 
100kW). Otherwise, by knowing the nominal cooling of the fan coils selected, it is 
possible to calculate the number of fan coils required for the system   Nfan_coils.  
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2) Knowing the temperatures of the chilled water (inlet and outlet value) and the chilled 
mass flow it is possible to make an energy balance so as to know how much power must 
deliver the cold tank to the fan coil subsystem  Qdelivered_tank2 (kW). 
 
                                             
 
3) Knowing the mass flow and the temperatures of the evaporator (of the chiller) it is 
possible the fact of calculating the power received by the second tank (cold tank)  
Qreceived_tank2 (kW). 
 
                                   
 
4) The energy saved by the cold tank is the difference between the two previous values of 
power. The next step is calculating this value. Moreover, considering a backup time of 
4,5 hours it is possible to calculate the volume of this tank  Vtank2 (m3).  
 
                                             
 
       
                                    
                    
 
 
5) Next step consists in making an energy balance at the cooling tower in order to know 
how much cooling has the cooling tower to reject. Then, one cooling tower model must 
be selected from PolySun catalogue  Qtower (kW). 
                              
6) Calculate the efficiency of the thermal collector selected. The one chosen is the one with 
lower a1 coefficient which works with propylene mixture (in order to avoid freezing 
problems)  ηcol. 
 
          
           
    
 
Where   
  
     
  
 and where    
        
 
. 
 
7) The following calculation is based on doing an energy balance on the first tank (hot 
tank). It is required to know how much power is needed by the generator of the chiller  
Qdelivered_tank1 (kW). 
 
                                 
 
8) Besides, the number of collectors (in parallel) required has to be found  Ncollectors. 
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9) With the value of the number of collectors required it is possible to obtain the output 
power from the collector field  Qcol. 
 
                             
 
                                                 
43
 This value must be rounded to the next integer number. 
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10)  In order to prove if the collector temperatures were correctly assumed, it is possible to 
recalculate the temperature gradient between the inlet and the outlet of the collector field 
by taking the Qcol value, but this time on the flow perspective  ΔTcol (ºC) 
 
      
    
            
 
 
11)  Finally, it only misses calculating the volume of the first tank (hot tank). This is possible 
by considering a backup time of half an hour (when sunshine is null)  Vtank1(m3) 
 
       
                                       
                      
 
 
In the APPENDIX 9 it is shown all the procedure calculations step by step. In the next table 
there is a summary of the results of the previous equations.  
 
Table 18. Summary results of the absorption system calculations. 
CALCULATION RESULTS OF THE ABSORPTION SYSTEM 
Parameter Value Unit Parameter Value Unit 
Nfan_coils 91 - ηcol 52,95 % 
Qdelivered_tank2 99,43 kW Qdelivered_tank1 151,71 kW 
Qreceived_tank2 105,20 kW Ncollectors 199 - 
Qstored_tank_2 5,77 kW Qcol 152,15 kW 
Vtank_2 2340 liters ΔTcol 5,02 °C 
Qtower 256,36 kW Vtank_1 13892 liters 
 
5.1.5 ETC selection 
 
The ETC is the selected type of collector because this has more efficiency than FPC or PTC 
within the operation temperature range (see Figure 21). The particular model is 1100 HP 20, 
(provided by EHT Italia SRL), whose main characteristics are exposed below: 
 
 Type: Evacuated Tube Collector 
 β=40º 
 Working flow: Propylene mixture (33%) 
 Optimal flow rate: 160 l/h 
 Optical Efficiency: 73,9 % 
 Gross Area: 3,02 m2 
 Aperture Area: 2,25 m2 
 Absorber Area: 1,85 m2 
 
 
5.1.6 Storage tanks selection 
 
There are two storage tanks in the system. While the first one is full of hot 
water provided by the solar loop, the second one contains cold water 
provided by the evaporator of the absorption machine. Then, the models 
shown on the right are the ones selected tanks from the list of elements 
proposed by PolySun (see APPENDIX 11). According to the previous 
calculations, the capacity of the tanks are: 
 
 Volume of the 1st Storage Tank: 15000 litres 
 Volume of the 2nd Storage Tank: 2500 litres 
Figure 86. Solar thermal collector 1100 HP 20 
Provided by EHT Italia SRL 
Figure 87. Storage tank, 
provided by Varisol. 
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5.1.7 Absorption chiller selection 
 
According to the procedure followed, it had been selected an absorption chiller of 105 kW of 
cooling capacity from the list of absorption machines in PolySun, which value is higher than the 
100 kW required. Because of the disuse of the chiller with such a high cooling capacity, it has 
been considered five alternatives so as to prove the performance of the installation
44
. Thus, the 
one selected for the absorption installation is the chiller WFC-SC-SH 10, provided by the 
company YAZAKI. The main characteristics of this machine are also explained in the summary 
list below: 
 
 Type: Single effect 
 Refrigerant: Water/LiBr 
 Cooling Capacity (Pcooling): 35 kW 
 COP: 0,7 
 Solution mass flow rate (msolution): 0,31 kg/s 
 Chilled water inlet temperature: 12,5 ºC 
 Chilled water outlet temperature: 7 ºC 
 Chilled water flow rate: 5496 l/h 
 Cooling water inlet temperature: 31 ºC 
 Cooling water inlet temperature: 35 ºC 
 Cooling water flow rate: 18352 l/h 
 Hot water inlet temperature: 88 ºC 
 Hot water outlet temperature: 83 ºC 
 Hit water flow rate: 8631 l/h 
 
5.1.8 Cooling Tower selection 
 
Regarding the cooling tower, the one selected is Paragon Induced Draft Tower ΔT-55 I, 
provided by DELTA COOLING TOWERS INC., with a cooling capacity of 55 tons
45
 (193,46 
kW). The main characteristics about flow rates and temperatures are shown in the list below. 
 
 Cooling capacity: 200 kW 
 Fan Motor: 1,5 kW 
 Sum capacity: 1249,2 litres 
 Fan diameter: 2133,6 mm 
 Height: 3708,4 mm 
 
 
5.1.9 Other input parameters 
 
Fan coils have also to be defined in the model. According to the calculations, the number of fan 
coils required is 91. The one selected from the market is GEA-Flex Geko, provided by the 
company GEA heat Exchangers. The main characteristics of this element are shown below: 
 
 Type:  4 pipe system (chilled/warm water) 
 Cooling power: 1,1 kW 
 Water flow: 157 l/h 
 Air flow: 42 l/h 
 Cooling water inlet temperature: 6 ºC 
                                                 
44
 Explained carefully in chapter 7.1.1. 
45
 The conversion between tons (RT) and kW is 1 RT = 3.5168525 kW. 
Figure 88. Absorption chiller WFC-SC-SH 10 
extracted from YAZAKI catalogue. 
Figure 89. Model ΔT-55.  
Figure 90. GEA-Flex Geko model 
from GEA catalogue. 
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 Cooling water return temperature: 12 ºC 
 Air inlet temperature: 27 ºC 
 Air return temperature: 11 ºC 
 Dimensions: 471 x 228 x 911 mm 
 
Controllers are also important for this kind of simulation, but it has to be remarked that all the 
strategies followed for monitoring the system are the standard ones proposed by PolySun by 
choosing this template, i.e.  nothing about controllers has been modified. Moreover, it has been 
considered the daylight saving in order to make the simulation more real. Finally, clear zone has 
been chosen as a site description. Regarding the pipes, they are proposed by PolySun and the 
model presented is SpiralRohr, with a nominal diameter of 32 mm. Regarding the pumps, the 
model used in the return paths of both tanks is Wilo Stratos 25/1-12 (thus two in total) and the 
rest of the models are Wilo Stratos 30/1-12 (six units in total). Both pipes and pumps are 
described at APPENDIX 11 in detail.. 
 
 
 
5.2 Cost and prices of the equipment 
 
Having in mind the previous elements shaping the respective system, here a table of their prices 
is presented in order to have a global estimation acquisition price. Later, an economic survey 
will be developed in order to have a global idea of the feasibility of this system.  
 
Table 19. Composition of the investment cost of the absorption system46. 
INVESTMENT COST OF THE ABSORPTION SYSTEM 
Element 
units or € / unit or Total 
meters € / meter Price 
Absorption chiller 1 39624 39624 
Cooling Tower 1 28067 28067 
Hot Storage Tank 1 13446 13446 
Cold Storage Tank 1 4482 4482 
ETC (Collectors) 199 398 79202 
Support Structures 199 64 12652 
Pumping 6 - 7790 
Pump Wilo Stratos 25/1-8 2 895 1790 
Pump Wilo Stratos 30/1-12 4 1500 6000 
Fan Coils (not considered) 91 0 0 
Piping
47
 18 15 275 
Piping (Solar Loop) 10 15,20 152 
Piping (Absorption Loop) 7 15,20 106 
Piping (User Loop) 1 15,20 17 
  
MATERIAL COST 185539 
    
Concept 
Peak Power Specific Price Total  
Installation (W) SEK/W Price (€) 
Manpower 73250 3,58 29122 
  
INSTALLATION COST (€) 29122 
    
  
TOTAL INVESTMENT COST (€) 214661 
 
                                                 
46
 All the values have been rounded to the nearest integer number. 
47
 It has been necessary the fact of assuming the meters of pipe in each sector (loop) and the fan coils are 
not considered in this cost estimation. 
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Figure 91. Graphical representation of the investment cost of the absorption system. 
Solar collector acquisition is the biggest part of the material cost
48
, with a 43% of the whole 
cost. Secondly, the absorption chiller followed by the cooling tower is the element that has more 
impact to the material cost, with a 21% and 15% of the whole investment respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
48
 The price of the absorption chiller has been provided by the Spanish company ABSORSISTEM (via e-
mail). The cooling tower cost is taken from source [45]. The cold tank price is found in http://www.plastic-
mart.com/category/109/plastic-storage-tanks. It is considered that the cost of the hot tank is three times the hot 
tank price. The ETC cost adopted is the one from a similar collector from the catalogue of the Spanish 
company SALVADOR ESCODA. Regarding the pumps costs, these are taken from the WILO STRATOS 
catalogue (Spanish Edition, 2013). Moreover, the support structure price is assumed to be the same than 
for PV support structures, which is exposed in the next chapter. Finally, the pipes prices are extracted 
from http://www.oeko-energie.de/downloads/waterway_preisliste2011.pdf.  
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6 SOLAR COOLING SYSTEM AT HUS 45: 
POLYSUN MODEL BASED ON PV 
 
6.1 POLYSUN model description of the PV system 
 
As it has been made in the chapter 5 of this project, the input parameters for creating, in this 
case, the PV system must be defined. The location of the installation and the climate of the zone 
where it would be place are the same as it has been explained in the chapter 5. 
 
6.1.1 Template 
 
In this case, there are two possibilities of carrying out a PV installation: an Stand-Alone System 
(without grid connection) or a Net-Metering System (based on providing the grid with 
electricity from the PV when the user have an excess of energy production and taken from the 
grid electricity in periods when there is a deficit of the electricity creation from the PV). 
 
 STAND-ALONE SYSTEM 
 
Figure 92. Stand-Alone chosen template from PolySun. 
 NET-METERING SYSTEM 
 
Figure 93. Net-Metering chosen template from PolySun. 
From this moment, the next chapters 6.1.2 until the end of chapter 6.2 will be focused on this 
two kind of PV systems. 
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6.1.2 Basic calculation for dimensioning the system  
 
The starting point for modelling the system is the stand-alone template. In order to know how 
many modules are required in this installation and what type of batteries is necessary to carry 
out the system, it has been developed a detailed calculation based on the “worst month 
method” [38], which is exposed carefully in the APPENDIX 10. It basically consists in 
dimensioning the system in order to cover the month with the highest number of PV modules 
required and batteries needed. 
 
 
 
Figure 94. Main steps of the PV systems calculations. 
The equations followed for dimensioning are the one explained below. In order to have an 
easy comprehension of the procedure, this has been exposed carefully step by step. 
 
1) Obtain daily normal direct irradiation values for each month  G (kWh/(m2·day)). In 
this case, it has been extracted from the same climate file than it was used for IDA 
simulation and the same that is going to be used in PolySun. Only summer months have 
been contempled (from April to September). 
 
2) Obtain the daily cooling electricity consumption  Et (kWh/day). This value is 
calculated from monthly electricity results from IDA, considering a constant 
consumption every day of the month. 
 
3) Calculate the energy that must the system supply to cover Et  Ct (A·h). 
   
  
    
 
 
4) Oversize the system capacity by counting all the losses  Ctmax (A·h). That means 
considering the Kt factor. This value is composed by all the losses present in the system. 
All the losses values are assumptions, and they are shown in the APPENDIX 10. 
 
                        
       
   
  
 
 KA= daily autodischarge of the battery 
 KB= battery efficiency 
 KI= inverter efficiency 
 KR= regulator efficiency 
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 KX= Joule effect, tension losses ... 
 
      
  
  
 
 
5) Calculate the energy delivered by each panel  Epanel (A·h) taking into account the 
Solar Peak Hour (HPS), which in this case it has been considered equal to the daily 
normal direct irradiation (G), the operation efficiency of the panel (not the photovoltaic 
efficiency), and the current at maximum power supplied by the module. 
 
                       
 
6) Calculate the number of panels in parallel  NPP after selecting one certain module 
from the market (in this case also one PV module that present PolySun in order to run the 
simulation). 
 
    
     
      
 
 
7) Calculate the number of panels in series  NPS. 
 
    
    
    
 
 
8) Calculate the total number of panels  NPT. 
 
            
 
9) Calculate the capacity of the battery just to cover the energy described (Ctmax) a certain 
period of time (Days of Autonomy) and taking into account the deep of discharge (DOD) 
 Cnom (A·h). 
           
    
   
 
 
10) Calculate the total number of batteries in series  NBS knowing the value of the 
nominal voltage of the battery selected, which should be one presented by PolySun. 
 
    
    
    
 
 
11) Calculate the total number of batteries in parallel  NBP. 
 
    
    
        
 
 
12) Calculate the total number of batteries  NBT. 
 
            
 
13) Determine the current that is provided by the collector field  Imodules. This value is 
calculated for the Stand Alone system and for the Net Metering system so as they have a 
different number of modules. 
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14) Taking into account the maximum current allowed by the regulator, calculate the number 
of regulator in parallel  Nregulators. 
 
            
        
          
 
 
15) Knowing the longitude of the cables in each sector, it is possible to calculate the 
minimum section of the cables  Ssector. It is considered that the cables are made of 
copper, with a conductivity of K = 56 m/(Ω·mm2). Moreover, it has been considered a 
voltage drop of 4 %. 
        
     
          
 
 
 
6.1.3 PV modules 
 
All the PV components are shown in detail in APPENDIX 12. From the list of PV modules in 
PolySun, it has been selected the model with the highest efficiency on the list provided by 
PolySun: LM260BA6A00, from the company LIGITEK PHOTOVOLTAIC CO. LTD. This is just 
a criteria followed in order to select one easily. The number of modules required is 444 for the 
Stand-Alone system and 120 for the Net-Metering installation. 
 
 Maximum Power (Pmax): 260 W 
 Maximum Voltage (Vpm): 30,52 V 
 Maximum Current (Ipm): 8,52 A 
 Open circuit Voltage (Voc): 38,10 V 
 Open circuit Current (Isc): 8,84 A 
 Dimensions: 1626 x 990 x 38,1 mm 
 Module efficiency: 16,2 % 
 Operating Temperature: -40  to +90 ºC 
 
 
 
6.1.4 Batteries 
 
The kind of batteries selected for the Stand-Alone system is Hoppecke 24 OPzS 300, provided 
by HOPPECKE, POWER FROM INNOVATION. The number of batteries for this system is 84. 
The option of Net-Metering does not contemplate batteries, because it uses the grid as a way of 
storage.  
 
 Battery technology: Lead Acid 
 Nominal Voltage (Vbat): 2 V 
 Nominal Capacity (Cbat): 3000 A·h 
 Maximum charging Current (Acbat): 610 A·h 
 Maximum discharging Current (Adbat): 1600 A·h 
 Dimensions (mm x mm x mm): 215 x 580 x 815 mm 
 Deep Cycle: 70% 
 
 
 
 
 
Figure 95. PV module LM260BA6A00 from 
Ligitek catalogue. 
Figure 96. Lead acid battery selected. Image 
extracted from Hoppecke catalogue. 
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6.1.5 Inverter and Cables 
 
There is also necessary the fact of selecting the inverter DC/AC. The programme gives the user 
the option of selecting one configuration of inverters by filtering some electrical parameters of 
the PV field such as voltage, current and power levels. In this case, the inverter adopted for the 
Stand Alone option is ES100KTR, while for the Net Metering one is ISMG322, both provided 
by the company PV-MATRIX. 
 
 STAND ALONE INVERTER (ES100KTR) 
 
 Maximum DC Power (PmaxDC): 115 kW 
 Maximum DC Voltage (VmaxDC): 850 V 
 Maximum DC Current (AmaxDC): 224 A 
 Efficiency: 95,5 % 
 Maximum AC Power (PmaxAC): 100 kW 
 Dimensions: 1900 x 1000 x 800 mm  
 
 
 
 
 NET METERING INVERTER (ISGM322) 
 
 Maximum DC Power (PmaxDC): 23,1 kW 
 Maximum DC Voltage (VmaxDC): 850 V 
 Maximum DC Current (AmaxDC): 300 A 
 Efficiency: 97,4 % 
 Maximum AC Power (PmaxAC): 22 kW 
 Dimensions: 890 x 751 x 256 mm 
 
 
 
 
 
Moreover, it is necessary to choose the percentage of cable losses, which has been considered 
according to 4%. Having followed the procedure mentioned before (Worst Month Method), and 
according to the calculated minimum sections of the cables, the cables selected within the 
Swedish market to compose the installation are the next ones provided by the source EL-
GROSSISTEN.com. The longitude of each cable is described in chapter 6.2. 
 
 CABLE MODEL N1ZX1-J 
 
In the Stand-Alone system, it is used in the sections that go from PV field to regulator and from 
regulator to battery. On the other hand, the Net-Metering system uses only in the section that 
goes from the PV field to regulator. 
 
 External diameter (Φ): 7 mm 
 External material: Copolymer stabilized UV 
 Nominal Voltage: 600/1000 V 
 Maximum operation Temperature: 90 ºC 
 Maximum shortcut Temperature: 250 ºC 
 
 
 
 
Figure 97. Appearance of 
ES100 KTR inverter. 
Figure 98. Appearance 
of ISGM322 inverter. 
Figure 99. Model cable 
N1ZX1-J. 
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 CABLE MODEL PVILD-J 
 
It is used in the sections that go from battery to inverter in both installations Stand-Alone and 
Net-Metering. 
 
 External diameter (Φ): 11 mm 
 External material: Halogen Compound HFFR 
 Nominal Voltage: 450/750 V 
 Maximum operation Temperature: 70 ºC 
 Maximum shortcut Temperature: 160 ºC 
 
 
 
6.1.6 Regulator 
 
According to the current regulator, which is not necessary to define it in PolySun, following the 
previous calculation method it has been considered the same device for the two installations 
(Steca Tarom 2140, provided by STECA ELECTRONIK). However, while the stand alone 
requires 27 units, the net mtering system requires 4 units. 
 
 Module Current (DCcurrent): 140 A 
 Load Current (ACcurrent): 70 A 
 Dimensions: 360 x 330 x 190 mm 
 Nominal Voltage: 24 V 
 
 
 
 
 
6.1.7 Other input parameters 
 
In order to define the consumption of the loads, it has been taken the output results from IDA 
about the cooling demand. That means that the electrical cooling per month has been considered 
as constant every hour. This is not true at all, but there are no hourly results of electrical cooling 
consumption from IDA. However, the most important is to cover the global energy amount 
(22628 kWh). The system has been oversized and peaks of power are surely solved. 
 
 
 
Figure 102. Assumptions about the electricity consumption profile into PolySun. 
 
 
 
Figure 100. Model cable 
PVILD-J. 
Figure 101. Regulator selected, 
provided by STECA. 
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6.2 Cost and prices of the equipment 
 
The purpose of this chapter is to give an estimation of the cost of the main components of the 
two photovoltaic installations that have been proposed in this project. For this reason, two tables 
and two respective graphics have been created, where can be seen below. 
 
Table 20. Composition of the investment cost of the stand alone system49. 
INVESTMENT COST OF THE STAND ALONE SYSTEM 
Element 
units or € / unit or Total 
meters € / meter Price (€) 
PV modules 444 290 128760 
Support Structure 444 64 28274 
Inverter  1 28721 28721 
Battery 84 861 72325 
Regulator 27 1847 49867 
Cabling 38 - 37 
Cable (from PV to Regulator) 4 1,37 5,49 
Cable (from Regulator to Battery) 4 1,37 5,49 
Cable (from Battery to Inverter) 30 0,88 26,37 
  MATERIAL COST (€) 307985 
    
Concept 
Peak Power Specific Price Total  
Installation (W) SEK/W Price (€) 
Manpower 115440 3,58 45896 
  
INSTALLATION COST (€) 45896 
    
  
TOTAL INVESTMENT COST (€) 353881 
 
 
 
Figure 103. Graphical representation of the investment cost of the stand alone system. 
It could be appreciated how important is the PV modules cost, which implies nearly the 42% of 
the whole material cost
50
. Another important economical concept is the battery, with a portion 
of 24% of the whole investment. 
                                                 
49
 All the values have been rounded to the nearest integer number. 
50
 The PV module cost considered is from another similar from http://www.jhroerden.com/solar/Default_en.asp 
(the same source for the inverters). The support structure price is found in http://www.shop.solar-
wind.co.uk/acatalog/solar_pv_mounting_frames.html.  
 
42% 
9% 9% 
24% 
16% 
0% 
STAND ALONE SYSTEM: Material Cost (€) 
PV modules Support Structure Inverter  Battery Regulator Cabling 
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Table 21. Composition of the investment cost of the net metering system51. 
INVESTMENT COST OF THE NET METERING SYSTEM 
Element 
units or € / unit or Total 
meters € / meter 
Price 
(€) 
PV modules 120 290 34800 
Support Structure 120 64 7642 
Inverter 1 11782 11782 
Regulator 4 1847 7388 
Cabling 8 - 9 
Cable (from PV to Regulator) 4 1,37 5,49 
Cable (from Regulator to Inverter) 4 0,88 3,52 
  
MATERIAL COST (€) 61620 
    
    
    
Concept 
Peak Power Specific Price Total  
Installation (W) SEK/W 
Price 
(€) 
Manpower 31200 3,58 12404 
  
INSTALLATION COST (€) 12404 
    
  
TOTAL INVESTMENT COST (€) 74025 
 
 
Figure 104. Graphical representation of the investment cost of the net metering system. 
In this case, as there is no battery, the importance of PV modules cost is higher than in stand 
alone system. In this case that value is around 57% of the total investment cost. Inverter and 
regulator are the next elements with more relevance within the material cost of the installation, 
with a 19% and 12% of the investment cots respectively. 
 
As it was expected according to the number of modules, the Net Metering system investment is 
lower than the Stand Alone system. Approximately, the second one costs seven times more than 
the first one. 
                                                                                                                                               
The regulator cost is extracted from  http://www.solosol.net/solar-shop/Steca-P.-Tarom-4140.html. The price of the 
cables was found in www.el-grossisten.com. Finally, the lower battery cost was extracted from 
http://www.solarmegastore.es/en/hoppecke-24-opzs-3000-2v-4340ah-battery.html  
51
 All the values have been rounded to the nearest integer number. 
57% 
12% 
19% 
12% 0% 
NET METERING SYSTEM: Material Cost (€) 
PV modules Support Structure Inverter Regulator Cabling 
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7 RESULTS 
 
7.1 Final results of the Absorption system 
 
In this chapter the results from the Absorption system simulation by using PolySun will be 
presented. Energetic aspects will be mainly exposed in order to prove the feasibility of the 
installation. Moreover, a global schematic of the installation is described and also economical 
and environmental aspects are disaggregated. 
 
7.1.1 POLYSUN simulation 
 
It has been necessary the fact of developing five simulations. The first model based on the 
calculations explained in chapter 5.1.4 presents worse results than it was expected. The problem 
is that the chiller is not working at all, since the cooling operation is done by the cooling tower. 
The return chilled water from the cold tank goes directly to the cooling tower instead of entering 
to the evaporator of the chiller. This happens because the generator could not supply heat 
enough to separate the solution of Li/Br and then the cycle hardly could run continuously. Thus, 
it was pretended the fact of proposing new alternative modifying only the cooling capacity of 
these two elements, maintaining all the other elements of the installation.  
 
 
Figure 105. Energy tendencies of absorption alternatives. 
Energy parameters exposed in Figure 105 have to be presented: Quse refers to the total cooling 
consumption of the building; Prejected is the heat rejected by the cooling tower as a condenser; 
Pcooling is the cooling effect done by the absorption chiller and Ssol is the solar energy 
provided to the system. It could be appreciated how cooling consumption is almost covered by 
the cooling tower (              ) when the last one has high cooling capacities. However, 
when this capacity decreases Ssol has more influence and, as a consequence, Pcooling too. In 
order to take a decision about which installation is selected two aspects have to be considered: 
the current cooling demand and the current electricity consumption.  
 
 
Figure 106. Energetic comparison between absorption alternatives. 
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In the previous Figure 106, the alternatives proposed have been named from A1 to A5 
(alternative 1, alternative 2 ...) following the descending that present in Figure 105. The option 
selected must cover at least the current cooling demand and also has to consume at most the 
equal electricity value as the current installation for covering the cooling loads. In any other 
case the option would be technically feasible. Furthermore, the selected option is alternative 4 
(A4), whose main monthly results regarding the energy cooling consumption and demand are 
collected in the next Table 22. 
 
 
Table 22. Monthly results of the chosen alternative for the absorption system. 
There is a deficit of energy during July. This is not considered as a problem because during this 
month the occupants are on holiday which means that in case the cooling demand is extremely 
necessary, other cooling sources should be used. 
 
 
7.1.2 Schematic design 
 
In this chapter the schematic design of the two PV proposed installation will be presented. They 
show the position, number and basic description of the main elements of each installation and 
the cable sector longitudes. 
 
 
Figure 107. Basic schematic about the absorption system proposed. 
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7.2 Final results of the PV system 
 
In this chapter the results from both PV systems designs (Stand Alone system and Net Metering 
system) will be presented. As it has been done for the Absorption System, energetic aspects will 
be mainly exposed in order to prove the feasibility of the installation. Moreover, a global 
schematic of the installation is described and also economical and environmental aspects are 
disaggregated. 
 
7.2.1 POLYSUN simulation 
 
The global results for the two PV technologies proposed are collected in the tables below. 
 
Table 23. Simulation results of the stand alone system. 
Simulation Results: STAND ALONE 
Qinv 77471,4 kWh 
Qdem 22628,2 kWh 
CO2 
54033,7 kWh 
Savings 
Excess 
74264,9 kWh 
Energy 
ηsystem 13,0 % 
 
Table 24. Simulation results of the net metering system. 
Simulation Results: NET METERING 
Qinv 20771,3 kWh 
Qdem 22628,2 kWh 
CO2 14683,7 kWh 
Savings 
To external 8462,5 kWh 
grid (Jan-May) 
Used for cooling 12598,4 kWh 
(Sept-Dec) 
From external 6556,6 kWh 
grid (June-Aug) 
ηsystem 13,1 % 
 
The Stand Alone option produces much more energy than required for the summer time, for this 
reason there is an excess of energy of 74264,9 kWh. The usage of 444 modules is responsible 
of this fact. However, this big amount of modules allowed the building of having the total 
amount of electricity required for cooling. 
 
On the other hand, the net metering installation uses 93 modules, which suppose a big reduction 
if it is compared with the number used by the Stand Alone system. With this system it will not 
be possible of having covered the required cooling demand, but instead of using batteries and 
thinking about the net metering concept, the installation could provide electricity to the grid 
during the winter period and take it from the grid when there is a deficit electricity during the 
summer time, when the cooling demand must be covered. 
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Figure 108. Relation between production and demand of the stand alone system. 
In the graphic above it could be seen the important excess of energy in the Stand Alone 
installation. The parameter Qinv means the alternating current generated by the PV field and 
Qdem refers to the electricity consumption of the cooling loads extracted from IDA simulation. 
 
 
 
Figure 109. Relation between production and demand of the net metering system. 
However, in the previous graphic, it is shown the deficit of energy during three of the six 
summer months considered: June, July and August, when the cooling demand is more abrupt. 
 
 
Figure 110. Network energy composition of the net metering system. 
Finally, to solve the deficit problems during the three months commented, the previous graphic 
(Figure 110) shows the effect of using the Net Metering option, which allows the user to get 
the extra electricity required for covering the electricity demand for cooling. 
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7.2.2 Schematic design 
 
The two PV proposed installation will be presented below. It is shown the position, number and 
basic description of the main elements of each installation and also the cable longitudes. 
 
 STAND ALONE SYSTEM DESIGN 
 
Figure 111. Stand alone system schematics. 
 NET METERING SYSTEM DESIGN 
 
Figure 112. Net metering system schematics. 
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7.3 Economical Analysis 
 
Before presenting the global economical study it is required to introduce the estimation cost of 
the current cooling installation so as to compare the alternative to the cooling system that is 
installed nowadays
52
. 
 
Table 25. Investment cost of the current cooling system. 
INVESTMENT COST OF THE CURRENT COOLING SYSTEM 
Element 
units or € / unit or Total 
meters € / meter 
Price 
(€) 
Compressor Cooler (CHA/K/ST) 1 23889 23889 
Individual Unit 1 (RAC18G4) 1 618 618 
Individual Unit 2 (RAC24G4) 1 741 741 
Individual Unit 3 (undefined_3) 1 27095 27095 
Individual Unit 4 (undefined_4) 1 679 679 
Individual Unit 5 (undefined_5) 1 13548 13548 
  MATERIAL COST (€) 66570 
    
Concept 
Peak Power Specific Price Total  
Installation (W) SEK/W 
Price 
(€) 
Manpower 75250 1,19 9972 
  
INSTALLATION COST (€) 9972 
    
  
TOTAL INVESTMENT COST (€) 76543 
 
 
 
Figure 113. Graphical representation of the investment cost of the current system. 
                                                 
52
 The price of the component CHA//K/ST has been taken from tarifa precios Fujitsu 2013 (Abril, 
Spanish edition). Regarding the price of RAC18G4 and RAC24G4, this has been found in 
http://www.ventors.lv/eng/production/hitachi/room/bigflow/. The rest of the individual units have been 
approximated by linear interpolation (taking into account the two RAC units). The manpower cost was 
found in the source [46]. 
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 83 
 
The basic consideration for the feasibility analysis is focused on the capital cost, consumer price 
index and the investment period. 
 
i (Capital Cost) 7 % 
CPI (Consumer Price Index) 2 % 
n (Investment Period) 30 years 
 
The main economical parameters calculated for determining the feasibility of each installation 
are the next ones: 
 
 NPV (Net Present Value), which is the difference between the present value of the 
future cash flows from an investment and the amount of investment. Present value of 
the expected cash flows is computed by discounting them at the required rate of 
return
53
. The investment will be profitable when this value becomes positive.  
 
 NPV between each alternative and the current installation, which establish a 
comparison between choosing one investment instead of another. 
 
 Payback, which is referred to the period needed to have a NPV>0, i.e. when the 
investment is profitable   
 
 IRR (Internal Rate of Return), as the rate of growth a project is expected to generate.  
 
The next expressions are the ones followed in order to calculate the feasibility values 
commented previously. After them, a table of results is presented. 
 
         
  
      
 
   
 
 
                                  
                       
      
 
   
 
 
                    
 
            
  
      
 
   
            
 
Where Co corresponds to the initial investment, Cn refers to the cash flow value at the year n 
and i is the capital cost (named r when the purpose is to calculate the IRR). 
 
 
Table 26. Value of the main feasibility rates. 
VALUE OF THE ECONOMIC RATES  
NPV_current -299491 € 
NPV_absorption -291478 € 
NPV_stand alone -612970 € 
NPV_net metering -281927 € 
                                                 
53
 Extracted from http://www.financeformulas.net/Net_Present_Value.html. 
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NPV_current_vs_absorption 8013 € 
NPV_current_vs_stand alone -313479 € 
NPV_current_vs_net metering 17563 € 
PAYBACK_current_vs_absorption 22 years 
PAYBACK_current_vs_stand alone undefined, more than 30  years 
PAYBACK_current_vs_net metering 18 years 
IRR_current_vs_absorption 0% 
IRR_current_vs_stand alone undefined within a period of 30 years 
IRR_current_vs_net metering 2% 
 
As it could be seen, the investment with higher NPV is the net metering option, which is also 
the one with higher NPV comparison value between this investment and the current system, 
with a payback of 18 years. It is followed by the absorption system option, with a payback of 22 
years. Regarding the payback of the stand alone system, it would take place in more than 30 
years.  
 
 
Figure 114. Comparison between NPV of each alternative. 
 
 
Figure 115. Comparison of NPV between alternatives and current system.  
 
The investment with higher IRR is also the net metering option, with a value of 2%, while the 
absorption system implies an IRR of 0%. To conclude, the most profitable option is the net 
metering installation. More information about all the considerations and the sources of each cost 
is explained carefully in APPENDIX 13. 
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7.4 Environmental Analysis 
 
According to the environmental impact of the solar cooling alternatives, two different aspects 
have been considered. While the first one is focused on the CO2 emission due to the electricity 
production, the second one is based on analyzing the visual impact of each possible future 
construction. 
 
 CO2  EMISSIONS 
 
The most important emissions during electricity production are the CO2 amount of particles per 
kWh of electricity. Although the SOx and the NOx emissions are also important, there has been 
not possible of finding any specific rate of them. According to CO2 environmental 
consequences, they could cause shortness of breath, deep breathing, acceleration of the breath, 
headaches, sweating, vertigo, vomiting or even convulsions that could bring the person to death 
in cases where exposure limits are above 25 % (in air)
54
. 
 
The purpose of this environmental part about the particle emissions is focused on calculating the 
amount of kilograms of CO2 per MWh of electricity produced by the plant which provides 
electricity to the respective installations. In order to do that, it has been required to know the 
specific emission CO2 particles, which value is obtained by taking into account the marginal 
electricity market [39], considering the coal coaling as the source of electricity [40]. 
 
specific emission C02 930 kg/MWh 
 
Using the next equation the amount of toxic substance per year is calculated. 
 
  
   
    
                
  
   
 
    
      
 
 
Table 27. Annual emissions of CO2 for each alternative. 
  Current 
System 
Absorption  
System 
Stand Alone 
System 
Net Metering 
System 
Units   
Electricity 
consumption 
22623,4 14886 0 6556,6 kWh 
Annual emission of C02 21039,8 14886 0 6097,6 kg/year 
 
Moreover, doing a comparison between these three alternatives is also interesting so as to know 
which system implies a higher particle emissions reduction in comparison with the current 
system. 
 
                       
                                        
                    
     
 
Table 28. Reduction of CO2 emissions by using each alternative. 
  
Absorption 
System 
Stand 
Alone 
System 
Net 
Metering 
System 
  
Reduction of C02 emissions (%) 29,2 100 71 
                                                 
54
 Thsese effects have been found in http://www.ivhhn.org/index.php?option=com_content&view=article&id=84. 
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The Stand Alone system has a reduction of 100 % of the particle emissions, which is normal as 
the consumption of the electricity that this system uses is 0 kWh. It is followed by the Net 
Metering system (with a remarkable reduction of 71%).  
 
 
Figure 116. Reduction of CO2 by choosing each alternative. 
On the other hand, the worst option for the environment is the absorption installation, whose 
reduction of particles is around 29%. 
 
 
 VISUAL IMPACT 
 
As there is no visual impact reference, it has been considered the current installation as a 
comparison point (the best visual impact possible), because it only contains the electric chiller 
in one of their walls, occupying a reasonable small volume and causing merely no visual effects 
to the environment.  
 
In terms of the visual impact of the Absorption 
system, it has to be said that it implies the bigger 
collector roof area, nearly the three roofs of the 
buildings Workshops, LabHall and Labs 
respectively. As Figure 117 shows, the whole 
system would occupy most of the half of the roof. 
Then, it is concluded that this alternative has the 
worst visual impact, implying a total roof 
occupation of 1403 m
2
. 
 
On the other hand, the Stand Alone system also 
requires a big amount of square meters of roof in 
order to place the PV modules. In this case, are 
necessary 1254 m
2 
of room to carry out the 
system. However, it is also considered a poor 
installation in terms of visual impact if it is 
compared with the current system. 
 
 
The third option (Net Metering system) offers 
the better visual impact solution (always worst 
than the current one), as it requires only 354 m
2
 
approximately of the roof of the LabHall for the 
PV modules. This fact classifies this option as the 
better one in terms of visual impact. 
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Figure 117. Appearance of absorption installation. 
Figure 119. Appearance of the net metering installation. 
Figure 118. Appearance of the stand alone installation. 
 
 87 
 
8 CONCLUSIONS AND DISCUSSIONS 
 
These paragraphs try to collect the main conclusions and arguments of the work carried out 
during the whole Project.  
 
Firstly, it has been made a study of the cooling elements present in the current installation. This 
has led to a global amount of 75,25 kW of electric cooling devices. Due to the fact of not having 
a cold consumption profile of Hus 45, it was decided to calculate the demand for the summer 
period (from April to September) by a computer program (IDA ICE 4.6). The results show that 
the current installation has 73,17 kW of electric cooling devices (near the nominal value 
previously presented) and that during 95.22 % of the time it is required to cover 100 kW of 
cooling capacity in the building, while the total cooling energy to be delivered is 68437,6 kWh. 
It has been proposed two methods for solar cooling: absorption and photovoltaic.  
 
The absorption system presents poor results regarding the work of the absorption machine, since 
the main operation element in this system is the cooling tower, underestimating the solar field 
role. As the generator of the chiller has no inlet heat enough to run the cycle, the return chilled 
water coming from the cold tank goes directly to the cooling tower instead of entering to the 
evaporator of the chiller, which means the chiller is not working as expected. This performance 
occurred contrary to the planned calculations for dimensioning the system. This occurred 
because the calculations were fixed at instantaneous conditions (irradiation, average 
temperature, efficiency of the collectors, etc.). PolySun simulations reveal that the operation 
conditions of the inlet chiller flow require more temperature, i.e. having more irradiation on the 
collector field. Moreover, controllers issue should have been taken into account seriously. 
Probably, the performance of the solar loop would be slightly better by modifying internal 
parameters of the programming of PolySun. In any case, the absorption chiller would never 
cover the cooling demand mainly by itself. Thus, through developing various simulations, it is 
observed that the lower capacity of the cooling tower, the lower usage of the cooling tower in 
the system, as well as the absorption chiller now works more hours, which enriches the solar 
field role. However, the only feasible alternative within the analyzed ones proposes a chiller 
with a cooling capacity of 35 kW and a cooling tower of 30 kW, as well as a collector field 
consisting of 199 ETC. In this case, the collector (and then the chiller) has still a very minor 
role; however, the whole system manages to cover the refrigeration demand with the exception 
of July. This is not a big problem so as during this month it is expected to be holidays, then, no 
worker is supposed to be at the building during that time. 
 
On the other hand, the photovoltaic study proposes two alternatives: a stand alone system and a 
net metering installation. The first is based on an isolated installation, which because of the 
reason of not being connected to the grid is oversized (444 modules) so as to reach the cooling 
demand. It requires batteries and during the winter months it uses its excess of electricity to 
cover part of the global electricity demand of the building. The second is based on an 
installation connected to the grid formed by 120 modules. In this case, the energy is sold during 
periods of excess (from January to May) for 35öre/kWh and the user is paid at the rate of 1SEK 
per kWh produced (and used) in periods when the own production is not enough for covering 
the cooling demand. In these cases, the simulation results of these options correspond to the 
previously sizing calculations. 
 
Regarding the economic issue, the most profitable option is the net metering installation 
because the payback of it is 18 years, followed by the absorption option, with a payback of 22 
years. No payback for the stand alone alternative is met within the considered period of time (30 
years). 
 
According to the environmental impact, the option that involves a greater reduction of CO2 
emissions is obviously the stand alone one (100%), since it does not consume electricity, 
followed by the net metering option (71%) and the absorption installation (29%). 
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Moreover, evaluating all the previous comments, it is considered that the best alternative to 
meet the cooling demand at Hus 45 the net metering installation, since the absorption one 
requires high solar conditions that allow the generator inlet flow of the chiller acquiring an 
elevated temperature. If not so, who really plays the refrigeration function is cooling tower 
instead of the chiller, acting as another conventional cooling machine. Further to this study, the 
next interesting step would be study the absorption installation in a completely different climate, 
for example in southern Europe (Spain , Portugal , Italy) where solar and climate conditions are 
better. Then, the chiller would acquire greater importance and, therefore, it would be a decrease 
of the work of the cooling tower (due to the power consumption of its fan). It is expected that 
the payback of a facility with a more favourable climate would be lower than the one obtained 
in the case of this project (below 22 years) and could compete with the net metering option. 
 
The main discussions are based on the assumptions done along the Project. These have taken an 
important role in the results previously commented. For instance, the IDA simulation (for 
calculating the cooling demand of Building 45) has been developed under some suppositions 
like the heat emitted by the equipment or by the lighting. Another consideration for developing 
the IDA simulation is based on considering that the setpoint temperature is always constant 
(22ºC), a fact that is not possible to determine how much realistic could be. Also, the fact of not 
considering the existence of infiltrations in the IDA model could affect the results. Nevertheless, 
this was a logical decision because the building is relatively new and no important infiltrations 
should exist. The last consideration that could modify the IDA results could be the climate file 
used for the calculation of the cooling demand. In this case, using the TRY file implies higher 
values of minimum temperatures than the common values of this parameter registered in Gävle 
during last the years. However, after 10 simulations, the energy verifications previously 
commented demonstrate that the final result is a good approximation of the real demand and all 
these assumptions are not so far from the reality. 
 
On the other hand, the procedure for designing the installations proposed could be discussed as 
well. Starting by the absorption system, it has to be said that the main calculations for 
dimensioning this system were done by assuming standard values of radiation and also ambient 
temperature ones. This, besides calculating the energy balance in an instantaneous way 
(operating in kW), has caused that the PolySun templates did not work as expected, as it has 
been commented. In this case, a study in kWh would have been a better option. According to 
the PV calculations, these ones were really similar to the results got from the PolySun 
simulation, which means the procedure followed (Worst Month Method) was a good way to 
precede. However, according to the Stand Alone system, it is true that an optimization of the 
system could have been done, so as to reduce the excess of electricity production during the 
whole study period. Nevertheless, the system would have never been economically feasible 
within a period of 30 years even considering this fact. 
 
In terms of the economical feasibility, the study has been carried out by taking into account the 
fact of starting all the investment at year 0, which means that also the investment of the current 
system is also considered. This gives one result, which is the one presented, but as a further 
work, it could also be considered the option of developing the feasibility study but without 
starting the analysis considering the current system installed, then avoiding the current 
investment. This would give another result and another view of the feasibility case: prove the 
feasibility of these proposals against installations already installed (like the current one in this 
case). Moreover, some assumptions have been done for the calculations of the prices that take 
an important role in the final results. That is why the next step of this Project could be trying to 
verify or to adjust the main suppositions to real market prices. Nevertheless, the results obtained 
are considered as good approximations of the reality. 
 
Regarding the environment, this could be discussed by mentioning the choice of selecting the 
marginal market price of electricity. Nordic and Swedish market could also be considered for 
the study of CO2 emissions, which would affect the final results of this part. However, the 
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marginal selection was made because of its easy comprehension and application to the study 
case of this Project. Moreover, the main conclusions about which alternative reduce more the 
CO2 would not have varied. 
 
To conclude with this Thesis, this work tries to verify if the possibility of solving the cooling 
demand of a Swedish building by using Solar Cooling could be viable. It is demonstrate that Net 
Metering is the best option in this case, and that the Absorption system is not working as 
expected, because the main cooling work is done by the cooling tower, instead the absorption 
chiller, which means that the solar field has no relevance in the system. It encourages the aim of 
comparing the same system but into another solar condition, i.e, another climate, for instance 
the one of a southern European country. The detailed procedure followed could serve as a 
pattern for future similar studies, thus, apart from taking the previous conclusions, the whole 
work is developed by some detail procedures and extended descriptions of how to calculate and 
to model these kind of systems by following a proper structure. 
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APPENDIX 
 
In this chapter it is collected the main basic information for developing the project, such as the 
drawings of Hus 45, ventilation files  of this building, important considerations while creating 
the IDA model and also calculations and details about the proposed cooling installations (even 
element catalogues or economic assumptions). The annexes are distributed by following the 
next list: 
 
i. APPENDIX 1. Drawings of Building 45 
ii. APPENDIX 2. Approximate missing measures of the drawings 
iii. APPENDIX 3. Detailed distribution of the rooms 
iv. APPENDIX 4. Ventilation files (from Norrporten) 
v. APPENDIX 5. Drawings and distribution of doors and windows  
vi. APPENDIX 6. Distribution of Occupants, Equipment and Lighting  
vii. APPENDIX 7. Assumptions for creating the model in IDA 
viii. APPENDIX 8. Calculation of the optimal collector angle 
ix. APPENDIX 9. Calculations of the Absorption system  
x. APPENDIX 10. Calculations of the PV systems 
xi. APPENDIX 11. Details of the elements of the Absorption system 
xii. APPENDIX 12. Details of the elements of the PV systems 
xiii. APPENDIX 13. Details of the Economic study 
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APPENDIX 1. Drawings of Building 45 
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APPENDIX 2.  Approximate missing measures of the drawings 
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Theoric Measures of 1st Floor (HALL) 
 
Theoric Measures of 2nd Floor (HALL) 
 
Theoric Measures of 3rd Floor (HALL) 
           7,365 m--->24,5mm   x= 7,365/24,5 
 
7,365 m--->25mm   x= 7,365/24,5 
 
7,365 m--->25mm   x= 7,365/24,5 
x m ---> 1mm     
 
x m ---> 1mm     
 
x m ---> 1mm     
           Size Number Measured Value (mm) Real Value (m) 
 
Size Number Measured Value (mm) Real Value (m) 
 
Size Number Measured Value (mm) Real Value (m) 
1 35 10,52 
 
1 6 1,80 
 
1 20 6,01 
2 8 2,40 
 
2 3,5 1,05 
 
2 14 4,21 
3 11 3,31 
 
3 52 15,63 
 
3 32 9,62 
4 11 3,31 
 
4 31,5 9,47 
 
4 - 6,40 
5 13,5 4,06 
 
5 30 9,02 
 
5 33 9,92 
6 22 6,61 
 
6 4,5 1,35 
 
6 6,5 1,95 
7 9 2,71 
 
7 39 11,72 
 
7 14,5 4,36 
8 9 2,71 
 
8 36 10,82 
 
8 8,5 2,56 
9 29 8,72 
 
9 86 25,85 
 
9 32 9,62 
10 11 3,31 
 
10 51 15,33 
 
10 13 3,91 
11 11 3,31 
 
11 12 3,61 
 
11 14 4,21 
12 5 1,50 
 
12 34 10,22 
 
12 3 0,90 
13 19 5,71 
     
13 34 10,22 
14 19 5,71 
     
14 24 7,21 
15 12 3,61 
 
33 8,5 2,56 
 
15 37,5 11,27 
16 19 5,71 
 
34 13,5 4,06 
 
16 10 3,01 
17 6,5 1,95 
 
35 17 5,11 
 
17 14 4,21 
18 28 8,42 
 
36 2 0,60 
 
18 25 7,52 
19 6,5 1,95 
 
37 10 3,01 
 
19 - 4.45 
20 24 7,21 
 
38 14 4,21 
 
20 6,5 1,95 
21 30 9,02 
 
39 10 3,01 
 
21 10 3,01 
22 18 5,41 
 
40 4,5 1,35 
 
22 35 10,52 
23 21 6,31 
 
41 17 5,11 
 
23 11 3,31 
24 17,5 5,26 
 
42 10 3,01 
 
24 20 6,01 
25 30 9,02 
 
43 4 1,20 
    26 36 10,82 
 
44 6 1,80 
    27 86 25,85 
 
45 7 2,10 
    28 51 15,33 
        29 23 6,91 
        30 6,5 1,95 
        31 14 4,21 
        32 6,5 1,95 
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APPENDIX 3.  Detailed distribution of the rooms 
 
 
 
 
 
 
 
ROOM 
NAME 
ROOM 
NAME 
ROOM 
NAME 
ROOM 
NAME 
NUMBER NUMBER NUMBER NUMBER 
201 Entrance 232, 233 WC 284 Wind Tunnel Room 324 Office 
202.H Corridor 234, 235, 236 WC 286 Class Room 325 Office 
202.O Corridor 237 Printer Room 287.1 Cold Room 326 Fan Room 
203 Conference Room 238 Student Room 288.1 Class Room 327, 328, 330 WC 
204 University Room 239 Student Room Spiral 1 Spiral Stairs 329 Printer Room 
205 Cleaning Room 251 Engineering Lab Trappa 1-N North Stairs 331 Fan Room 
206 Student Room 252 Storage Room Trappa 1-S South Stairs 332 Calibration Lab 
207 Telecomunication's Room 254 Metal Store 301 Corridor 340 Visualization Room 
209 Student Room 256 Metal Lab 303 Electronics Lab 341 Storage Room 
210 Wardrobe 257 Gas Cylinder Room 304 Office 281.2 Upper LabHall 
211 Shower 258 Wood Lab 305 Office 282.2 Storage Room 
212 WC 261 Geomatic Lab 306 Office 287.2 Upper Cold Room 
213 Electric's Room 262 Geomatic Lab 307 Meeting Room 288.2 Upper Class Room 
214 Garbage Room 264, 265, 266 WC 308 Office Spiral 2 Spiral Stairs 
215 Entry 267, 268 Parking 309 Office Trappa 2-N North Stairs 
216 District Heating Room 269 Corridor 310 Office Trappa 2-S South Stairs 
217 Corridor 270 Concrete lab 311 Office 401 Lounge 
218 Auxiliar Reception 271 Climate Room 312 Office 402 Printer Room 
219 Stress&Physiology Lab 272 Storage Room 313 Office 403, 404, 405 WC 
220 Oculomotorics Lab 273 Testing Lab 314 Office 406 Fan Room 
221 Ergonomy Lab 274 Chemical Lab 315 Office 407 Bibliotec 
222 Lab 275 General Test Room 316 Office 408 Studio 
223 Lab 276 Analysis Lab 317 Office 409 Studio 
224 Lab 277 Storage Room 318 Office 410 Studio 
225 Lab 278 Lab (SEM+XRD+ESCA) 319 Office 411 Inventory 
226 Lab 279 Engine Room 320 Office 412 Computers Room 
227 Storage Room 280 Personal Room 321 Office Trappa 3-N North Stairs 
228 Devices Room 281.1 LabHall  322 Group Room Trappa 3-S South Stairs 
230 Storage Room 282.1 Storage Room 323 Office   
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APPENDIX 4. Ventilation files (from Norrporten) 
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The next pictures were taken from the original blueprints of the ventilation of Hus 45 for 
carrying out the IDA simulation. The first one shows the global structure of the four air 
handling units (LB01, LB02, LB03 and LB04) within the ventilation system. The second 
figure tries to represent the extra cooling machines (apart from the AHU chiller) are proving 
the building with cooling. Moreover, the third image is about the machines for cooling the 
rooms 287 and 286 (cooling rooms). They have not been considered as a cooling source 
because this is not for ventilation, but for testings and investigations. In addition, the fourth 
and last picture represents two more cooling devices installed in the building. In this case, 
they are required for cooling two rooms (279 and 329) where a lot of machines deliver heat 
that must be rejected. 
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AHU Data 
AHU LB01 LB02 LB03 LB04 
Operation Days Monday- Friday Monday- Friday Monday- Friday Monday- Friday 
Schedule 06.00h - 18.00h 06.00h - 18.00h 06.00h - 18.00h 06.00h - 18.00h 
Summer Cooling Always ON 
(Tinside: 20°C to 
16°C) 
Always ON 
(Tinside: 20°C to 
16°C) 
Always ON 
(Tinside: 23°C to 
19°C) 
Always ON 
(Tinside: 23°C to 
19°C) 
Supply Air Temperature 19 °C 19 °C 18 °C 22 °C 
Air Flow Inlet 0,249 m3/s 2,423 m3/s 1,538 m3/s 0,412 m3/s 
Air Pressure Inlet 16 Pa 413 Pa 225 Pa 86 Pa 
Air Flow Outlet 0,34 m3/s 2,053 m3/s 1,914 m3/s 0,397 m3/s 
Air Pressure Outlet 27 Pa 442 Pa 364 Pa 75 Pa 
Specific Fan Power (SFP) 1,4 1,8 1,2 0,8 
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APPENDIX 5. Drawings and distribution of doors and windows 
 
In this chapter are presented the main doors of the building 45. Just a few types of doors within 
this catalogue have been considered for modelling the building in IDA ICE 4.6 as it is described 
in the 4
th
 chapter of this project.  
 
 WOOD DOORS` 
 
 
 
 
 
 
 
 
 
 ALUMINIUM DOORS 
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 STEEL DOORS 
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 PORTALS 
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 WINDOWS 
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In the next table are distributed all the doors within each of the rooms modelled in IDA ICE 4.6.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Room Type of Door Room Type of Door Room Type of Door Room Type of Door 
201 AP14H 232, 233 D08 284 SD11a 324 D10 
202.H - 234, 235, 236 D08 286 D10 325 D10 
202.O AP18H 237 D10 287.1 D10 326 SD14Ha 
203 D10 238 D10 288.1 SD11a 327, 328, 330 D08 
204 D10 239 D10 Spiral 1 SD14Ha 329 D10 
205 - 251 SD16Ha/D10/VP4 Trappa 1-N YA11/AP11 331 SD14Ha 
206 D10 252 SD11a Trappa 1-S AP20/YAP17 332 SD11d 
207 D10 254 SD14V 301 AP14Va/AP14Va 341 - 
209 D10 256 SD14V/YSD24V/YSD24V 303 GD10 281.2 - 
210 D10 257 YSD12S 304 D10 282.2 - 
211 D08 258 SD14V/D10/VP1 305 D10 287.2 - 
212 D08 261 D10 306 D10 288.2 - 
213 D10 262 D10 307 GD10 Spiral 2 SD14Ha 
214 SD110b/YAD12S 264, 265, 266 D08 308 D10 Trappa 2-N AP11 
215 YAP18H 267, 268 SD14V 309 D10 Trappa 2-S AP11 
216 YSD10a 269 SD14V/SD14V 310 D10 401 YA11 
217 AP14Vb 270 D10/YSD24V 311 D10 402 - 
218 D10 271 D10 312 D10 403, 404, 405 D08 
219 D10 272 D10 313 D10 406 SD14Ha 
220 D10 273 D10 314 D10 407 SD11a 
221 D10 274 D10 315 D10 408 SD11a 
222 D10 275 D10 316 D10 409 SD11a 
223 D10 276 D10 317 D10 410 SD14V 
224 D10 277 D10 318 D10 411 SD11a 
225 D10 278 D10 319 D10 412 - 
226 D10 279 AP14b 320 D10 Trappa 3-N YA11 
227 D10 280 SD11a/SD11a 321 D10 Trappa 3-S AP20 
228 D10 281.1 YSD11 322 GD10 
  230 D10 282.1 SD11a 323 D10 
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APPENDIX 6.  Distribution of Occupants, Equipment and Lighting 
 
In the next table are distributed all the occupants, equipment and lighting  within the rooms modelled in IDA ICE 4.6.  
 
1st Floor 
Room Occupants Equipment 
Lights 
Room Occupants Equipment 
Lights 
Fluorescents Bulbs Fluorescents Bulbs 
201 - - - 2 254 - - 1 - 
202.H - - 11 - 256 6 10 10 - 
202.O - - 11 5 257 6 10 10 - 
203 30 1 PC 15 - 258 - - - 1 
204 28 4 microwaves, 1 fridge - 8 261 - - 2 - 
205 - - 3 - 262 - 1 machine 2 - 
206 - - - 1 264, 265, 266 - - - 3 
207 - - 2 - 267, 268 - - 6 - 
209 - - 3 - 269 - - 16 - 
210 - - - 12 270 1 1 PC, 5 machines 6 - 
211 - - - 1 271 1 1 PC, 5 machines 6 - 
212 - - - 1 272 1 1 PC, 2 machines 6 - 
213 - 1 2 - 273 1 1 PC, 5 machines 6 - 
214 - - 2 - 274 1 1 PC, 2 machines 6 - 
215 - - 2 - 275 1 1 PC, 5 machines 6 - 
216 - 1 2 - 276 1 1 PC, 5 machines 6 - 
217 - - 7 - 277 1 1 PC, 5 machines 6 - 
218 - 1 2 - 278 1 1 PC, 5 machines 6 - 
219 1 1 2 - 279 1 1 PC, 5 machines 6 - 
220 1 1 2 - 280 20 - - 4 
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221 1 1 2 - 281.1 20 6 PC, 6 machines 23 4 
222 1 1 9 - 282.1 - - - - 
223 1 1 9 - 284 - - 4 2 
224 1 1 2 - 286 - - - 2 
225 1 1 2 - 287.1 - - - 2 
226 1 1 2 - 288.1 2 4 PC, 2 machines 8 2 
227 - - 1 - Spiral 1 - - 2 - 
228 - 2 machines 1 2 Trappa 1-N - - 2 - 
230 - - 1 - Trappa 1-S - - 4 - 
232, 233 - - - 2 
     234, 235, 
236 - - - 3 
     237 - - - 2 
     238 2 2 PC 2 - 
     239 1 1 PC, 2 machines 2 - 
     251 10 6 PC, 20 machines 32 - 
     252 - - 2 - 
      
2nd Floor 
Room Occupants Equipment 
Lights 
Room Occupants Equipment 
Lights 
Fluorescents Bulbs Fluorescents Bulbs 
301 - - 14 - 321 1 1 PC 1 - 
303 1 2 6 - 322 10 - - 9 
304 1 1 PC 1 - 323 1 1 PC 1 - 
305 1 1 PC 1 - 324 1 1 PC 1 - 
306 1 1 PC 1 - 325 1 1 PC 1 - 
307 - 1 TV 4 - 326 - - 4 - 
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308 1 1 PC 1 - 327, 328, 330 - - - 3 
309 1 1 PC 1 - 329 - - - 2 
310 1 1 PC 1 - 331 - - 4 - 
311 1 1 PC 1 - 332 1 3 PC, 3 machines 6 - 
312 1 1 PC 1 - 340 - - 4 - 
313 1 1 PC 1 - 341 1 2 PC, 2 solar collector 6 - 
314 1 1 PC 1 - 281.2 - - 20 - 
315 1 1 PC 1 - 282.2 - - - - 
316 1 1 PC 1 - 287.2 - - - 2 
317 1 1 PC 1 - 288.2 - - 6 - 
318 1 1 PC 1 - Spiral 2 - - 2 - 
319 1 1 PC 1 - Trappa 2-N - - 2 - 
320 1 1 PC 1 - Trappa 2-S - - 4 - 
 
3rd Floor 
Room Occupants Equipment 
Lights 
Room Occupants Equipment 
Lights 
Fluorescents Bulbs Fluorescents Bulbs 
401 20 1 PC, 1 printer 4 - 409 20 6 PC 9 - 
402 - - 2 - 410 50 6 PC 16 - 
403, 404, 405 - - - 3 411 - - - 2 
406 - - 4 - 412 20 20 PC 8 - 
407 - - - 8 Trappa 3-N - - 2 - 
408 20 6 PC 9 - Trappa 3-S - - 4 - 
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APPENDIX 7. Assumptions for creating the model in IDA 
 
In this chapter, some considerations must have been described in order to understand 
the results from the simulation. These are related with the setpoint temperature of each 
room, air infiltrations, thermal bridges, types of doors, schedules, etc. 
 
 Setpoint Temperature 
 
It is also important to define the setpoint temperature of comfort in each room. In this case, it 
has been considered according to what was explained by the maintenance operator of the 
ventilation system, a temperature of 22ºC. 
 
 
 
In the picture it could be seen the values when the heating or cooling devices are operating. 
When the indoor temperature is between the two boundary values, heating and cooling devices 
are not operating. The cooling devices start working when the temperature is above the highest 
boundary level. On the other hand, -50ºC  has been selected as a minimum value in order not to 
calculate the heating demand (as there are no registrations of annual temperatures below this 
value). 
 
 
 Weather 
 
The data was provided by the Meteonorm. Some weather measures have been collected with the 
temperatures, wind speed, wind direction and humidity in Gävle during last decades. The 
measures have been taken every hour. The simulation contemplate a period of time from 10
th
 of 
April to 25
th
 of September, but the metheorological parameters are not about 2014, neither 2013. 
They are taken from a Test Reference Year.  
 
 
 Wall Thickness 
 
Some wall thicknesses were retouched for the implementation of the joint in easier way. These 
alterations may be in the range of approximately 5cm. This fact does not imply a serious error in 
the simulation. 
 
 
 Doors and Windows material 
 
It has been considered that the timber doors are made of standard wood from IDA. The iron 
ones are created with the same iron walls and the aluminum doors have also been considered 
made of the same aluminum as for walls.The windows are created by using the standard type (2 
pane glazing) from IDA. 
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  Outer shadows 
 
No shading has been considered, namely no building is near the study case, and then any 
external shadow has been neglected.  
 
 
  Modelling of areas 
 
All kind of areas have been considered. However, in some cases, if some toilets were small 
rooms, they have been considered as the same area all together. Moreover, the areas from the 
elevators have been considered as parts of the corridors from the building. The stairs have been 
modeled as individual rooms.  
 
 
 Building construction 
 
There is no inclination in the parcel of the building and the elevation has been considered as 
null. 
 
 
 People 
 
The number of occupants has been calculated by observation (counting number of chairs in the 
building) and considering the maximum group of people in some rooms by examining the 
drawings. In particular, it has been considered only one person at the office rooms (second 
floor). 
 
 
 Lighting  
 
Two kinds of lights in the whole building have been considered:  
o Bulb, which consumes 55 W  
o Fluorescent, which consumes 35 W (except for rooms 251, 256 and 256, with a 
consumption of 50 W and room 281.1, with 60 W). 
 
 
 Equipment & machines 
 
Different kinds of heat irradiance from the equipment and machines have been considered:  
o General Equipment (Pc, printer, TV, fridge, microwaves, projector or coffee machine) = 
60W/unit  
o General Machines (at room 228, 239, 270 to 279 and 288.1, they consume 15 times the 
consumption of general equipment) = 600W/unit 
o Laboratory Machines (in particular, room 251, 256, 258, they consume 50 times the 
consumption of general equipment) = 3000W/unit 
 
 
 Holiday Period 
 
As some teachers and research engineers who work at the building have different days of 
vacation during summer, it has been supposed that the complete time for holidays in 2014 is 
from 30
th 
of June to 4
th
 of August. 
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 Thermal bridges 
 
It has been considered that the thermal bridges in the building are good within the range that 
IDA ICE provides.  
 
 
 Not considered 
 
There are some parameters that have not been considered for creating the model: 
o Ground properties 
o Infiltrations 
o Pressure coefficients 
o Extra energy losses. 
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APPENDIX 8. Calculation of the optimal collector angle 
 
The following method (extracted from the literature of John A. Duffie and William A. 
Beckman) explains how to calculate the total radiation on a tilted surface. First of all, the main 
solar angles have to be presented: 
 
 Ф: LATITUDE, the angular location of the equator (north or south), considering north as 
positive. Thus            
 
 β: SLOPE, the angle between the plane 
of the panel and the horizontal (   
      ). 
 
 δ: DECLINATION, the angular location 
of the sun at solar noon with respect to 
the pan of the equator, considering north 
as positive. (                 . 
 
 γ: AZIMUTH, the deviation of the projection on a horizontal plane of the normal to the 
surface from the local meridian, considering a 0 value for the south, east as negative and 
west as positive. (             . 
 
 ω: HOUR ANGLE, the angular displacement of the sun east or west of the local meridian 
due to rotation of the earth on its axis at 15° per hour, considering morning as negative and 
afternoon as positive. 
 
 θ: ANGLE OF INCIDENCE, the angle between the beam radiation on a surface and the 
normal to that surface. 
 
 Θz: ZENITH, the angle between the vertical and the line to the sun. 
 
 αz: SOLAR ALTITUDE, the angle between the horizontal and the line to the sun. 
 
 γz: SOLAR AZIMUTH, the angular displacement from south of the projection of beam 
radiation on the horizontal plane. 
 
Furthermore, taking the beam normal radiation Gbn and diffuse horizontal radiation Gdh values 
from the same files used for IDA ICE 4.6 and PolySun simulations it has been possible to carry 
on the method. The following steps show the procedure followed. 
 
1)               , where HH refers to each of the 24 hours of a day. 
 
2)                   
     
   
  , where n refers to the day number of a year. 
 
3)                                                           
                                                   
 
4)                                
 
5)        
    
     
 
 
6)                     
     
   
 , where Gsc is the solar constant with a value of 
1367 W/m
2
 [19] and Gon is the extraterrestrial radiation. 
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7)    
   
   
 , where Ai is the anisotropy index. 
 
8)                 
      
 
     
    
     
  , where Gdh is the total diffuse radiation. 
 
9)                , where Gbh is the beam horizontal radiation. 
 
10)            , where Gh is the total horizontal radiation. 
 
11)           
      
 
  , where ρg is the reflectance of the ground and Gg corresponds 
to the radiation of the ground. 
 
12)                 , where Gtotal is the amount of radiation on a tilted surface. 
Next table shows the annual results of Gtotal for different values of β from 0° to 90°. As it is 
shading in the table, the optimal angle considering γ=0° is β=40°. 
 
β (°) G annual (kWh/m2·year) 
0 895,06 
5 934,84 
10 969,57 
15 999,23 
20 1025,31 
25 1045,02 
30 1055,77 
35 1067,10 
40 1072,34 
45 1071,43 
50 1064,39 
55 1051,26 
60 1032,16 
65 996,46 
70 969,16 
75 936,42 
80 898,51 
85 855,72 
90 808,35 
 
Moreover, part of the process (hour by hour) is represented in the next page, in a big table that 
contains all the parameters required to develop the procedure for one specific day (the day 180 
of the year, i.e. at the end of July). 
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Time 
(hours) 
Gbn 
(W/m2) 
Gdh 
(W/m2) 
HH ω (°) n δ (°) 
ω 
(RAD) 
δ (RAD) θ (°) 
Gb 
(W/m2) 
COSθz 
(°) 
Gon 
(W/m2) 
Ai = 
Gbn/Gon 
Gd (W/m2) 
Gbh 
(W/m2) 
Gh 
(W/m2) 
Gg 
(W/m2) 
Gtot 
(W/m2) 
4296,00 0,00 0,00 24 180 180 23,24 3,14 0,41 136,09 0,00 -0,11 1321,93 0,00 0,00 0,00 0,00 0,00 0,00 
4297,00 0,00 0,00 1 -165 180 23,24 -2,88 0,41 133,72 0,00 -0,09 1321,93 0,00 0,00 0,00 0,00 0,00 0,00 
4298,00 0,00 1,10 2 -150 180 23,24 -2,62 0,41 127,25 0,00 -0,05 1321,93 0,00 0,00 0,00 1,10 0,03 0,03 
4299,00 241,80 27,10 3 -135 180 23,24 -2,36 0,41 117,94 0,00 0,03 1321,93 0,18 0,00 6,23 33,33 0,78 0,78 
4300,00 411,50 47,40 4 -120 180 23,24 -2,09 0,41 106,89 0,00 0,12 1321,93 0,31 0,00 48,96 96,36 2,25 2,25 
4301,00 546,90 65,60 5 -105 180 23,24 -1,83 0,41 94,77 0,00 0,23 1321,93 0,41 0,00 124,44 190,04 4,45 4,45 
4302,00 638,50 81,20 6 -90 180 23,24 -1,57 0,41 81,99 88,94 0,34 1321,93 0,48 52,95 219,66 300,86 7,04 148,93 
4303,00 677,20 102,70 7 -75 180 23,24 -1,31 0,41 68,79 245,01 0,46 1321,93 0,51 85,56 311,86 414,56 9,70 340,27 
4304,00 704,30 125,80 8 -60 180 23,24 -1,05 0,41 55,31 400,85 0,57 1321,93 0,53 118,93 400,80 526,60 12,32 532,10 
4305,00 703,70 154,40 9 -45 180 23,24 -0,79 0,41 41,65 525,80 0,66 1321,93 0,53 156,49 466,05 620,45 14,52 696,81 
4306,00 670,60 191,00 10 -30 180 23,24 -0,52 0,41 27,89 592,69 0,73 1321,93 0,51 199,80 492,10 683,10 15,98 808,47 
4307,00 700,50 187,70 11 -15 180 23,24 -0,26 0,41 14,14 679,27 0,78 1321,93 0,53 201,76 545,53 733,23 17,15 898,19 
4308,00 687,30 193,10 12 0 180 23,24 0,00 0,41 2,57 686,61 0,79 1321,93 0,52 208,16 545,79 738,89 17,29 912,05 
4309,00 696,30 175,60 13 15 180 23,24 0,26 0,41 14,14 675,20 0,78 1321,93 0,53 188,55 542,26 717,86 16,79 880,55 
4310,00 676,70 160,80 14 30 180 23,24 0,52 0,41 27,89 598,08 0,73 1321,93 0,51 168,44 496,57 657,37 15,38 781,90 
4311,00 656,00 136,80 15 45 180 23,24 0,79 0,41 41,65 490,16 0,66 1321,93 0,50 37,44 434,46 571,26 13,36 640,96 
4312,00 605,00 117,70 16 60 180 23,24 1,05 0,41 55,31 344,33 0,57 1321,93 0,46 110,24 344,29 461,99 10,81 465,38 
4313,00 501,80 108,70 17 75 180 23,24 1,31 0,41 68,79 181,55 0,46 1321,93 0,38 91,97 231,09 339,79 7,95 281,47 
4314,00 439,60 79,00 18 90 180 23,24 1,57 0,41 81,99 61,23 0,34 1321,93 0,33 57,20 151,23 230,23 5,39 123,82 
4315,00 297,40 53,90 19 105 180 23,24 1,83 0,41 94,77 0,00 0,23 1321,93 0,22 0,00 67,67 121,57 2,84 2,84 
4316,00 159,20 25,40 20 120 180 23,24 2,09 0,41 106,89 0,00 0,12 1321,93 0,12 0,00 18,94 44,34 1,04 1,04 
4317,00 0,00 0,20 21 135 180 23,24 2,36 0,41 117,94 0,00 0,03 1321,93 0,00 0,00 0,00 0,20 0,00 0,00 
4318,00 0,00 0,00 22 150 180 23,24 2,62 0,41 127,25 0,00 -0,05 1321,93 0,00 0,00 0,00 0,00 0,00 0,00 
4319,00 0,00 0,00 23 165 180 23,24 2,88 0,41 133,72 0,00 -0,09 1321,93 0,00 0,00 0,00 0,00 0,00 0,00 
 182 
 
 183 
 
APPENDIX 9. Calculations of the Absorption system 
 
Next tables collect the main results of the procedure described previously in the 6
th
 chapter of 
this project. There are some details that must be explained before presenting them. 
 
 The subscript “in” for the temperatures present in the Absorption Chiller table are for 
inlet flows to this. Otherwise, the subscript is “out”. 
 
 The cp has been obtained at a Tm, which is the mean temperature between the 
entrance and the exit of one of the parts of the energy element (for instance, Tm_gen 
corresponds to the mean flow temperature between the inlet and the outlet of the 
generator of the chiller; or Tm_chilled, which refers to the mean flow temperature 
between the inlet of the fan coil and the return to the cold tank). 
 
 The cp and ρ expressions55 for the H2O contemplate the temperature in K (Kelvin). 
The specific heat of water value is thus expressed in J/(Kg·K). On the other hand, the 
ρ value is in Kg/m3.  
 
 Tsol_in and Tsol_out have been considered as 93ºC and 87ºC respectively. 
 
 The approximate volumes of the tanks modeled in PolySun have been considered 
15000 liters and 2500 liters (hot and cold tank respectively), which are higher values 
than the results obtained by the previous calculations. 
 
 In order to calculate the efficiency of the collector, it has been taken a value of 25ºC 
as an ambient temperature average and a global radiation of Gk=800W/m
2
. 
 
 The cp calculation for the solar loop has been taking into account the portion of the 
propylene glycol mixture (33%). The value provided by the table below is at 25ºC, 
which does not correspond to the mean collector temperature. However, not an 
specific expression for the specific heat of propylene glycol has been found. 
 
 The yellow cells contain the main calculations described in the process followed for 
dimensioning the installation. 
 
 
 
 
                                                 
55
 The expression of water properties was provided by the professor Enric Velo (UPC, Barcelona, Spain) and the 
propylene glycol ones were found in 
http://msdssearch.dow.com/PublishedLiteratureDOWCOM/dh_0047/0901b803800479d9.pdf?filepath=propylen
eglycol/pdfs/noreg/117-01682.pdf&fromPage=GetDoc. 
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ABSORPTION CHILLER 
 
FAN COIL 
 
COOLING TOWER 
Parameter Value Units 
 
Parameter Value Units 
 
Parameter Value Units 
Pcooling 100,00 kW 
 
Fan Coil Selected No. 1,00 - 
 
Qtower 256,36 kW 
Chiller Selected No. 29,00 - 
 
Pfan_coil 1,10 kW 
 
Wet Cooler Selected No. 3,00 - 
Cooling Capacity 105,00 kW 
 
Tair_supply  11,00 °C 
 
Cooling Capacity 400,00 kW 
COP 0,70 - 
 
Tair_return 27,00 °C 
 
Ntowers 1 - 
Tevap_in 12,50 °C 
 
m_air  42,00 l/h 
    Tevap_out 7,00 °C 
 
m_water 157,00 l/h 
 
SOLAR COLLECTORS 
Ttower_in 31,00 °C 
 
Tchilled_in 6,00 °C 
 
Parameter Value Units 
Ttower_out 35,00 °C 
 
Tchilled_out 12,00 °C 
 
Roof Area 2735,37 m2 
Tgen_in 88,00 °C 
 
Nfan_coils 91 - 
 
Panel Selected No. 1220 - 
Tgen_out 83,00 °C 
     
Ag (gross area) 3,10 m2 
m_evap 16489,00 l/h 
 
STORAGE TANK 2 
 
Aabs (absorber area) 1,81 m2 
m_tower 55078,00 l/h 
 
Parameter Value Units 
 
ηo 0,70 - 
m_gen 25915,00 l/h 
 
Tchilled_in 6,00 °C 
 
a1 0,28 - 
Tm_evap 9,75 °C 
 
Tchilled_out 12,00 °C 
 
a2 0,03 - 
Tm_tower 33,00 °C 
 
Tm_chilled 9,00 °C 
 
m_sol 150,00 l/h 
Tm_gen 85,50 °C 
 
Cp_chilled 4,18 kJ/(kg·K) 
 
Tsol_out 93,00 °C 
Cp_evap 4,18 kJ/(kg·K) 
 
m_chilled 157,00 l/h 
 
Tsol_in 87,00 °C 
Cp_tower 4,19 kJ/(kg·K) 
 
Qdelivered_tank2 99,43 kW 
 
Tm_sol 90,00 °C 
Cp_gen 4,21 kJ/(kg·K) 
 
Tevap_in 12,50 °C 
 
Cp_sol 3,65 kJ/(kg·K) 
 
 
  
Tevap_out 7,00 °C 
 
Tamb average period 25,00 °C 
Water properties 
(mathematical expressions) 
 
 
  
Tm_evap 
9,75 °C 
 
X=Tm* 
0,08 °C·m2/W 
 
 
  
Cp_evap 4,18 kJ/(kg·K) 
 
Gk 800,00 W/m2 
 
 
  
m_evap 16489,00 l/h 
 
ηcol 52,95 % 
 
 
  
Qreceived_tank2 105,20 kW 
    
 
 
  
Qstored_tank_2 5,77 kW 
    
 
 
  
ΔTtank_2 9,38 °C 
    
 
 
  
Cp_tank_2 4,29 kJ/(kg·K) 
    
 
 
  
ρ_tank_2 1000,78 kg/m3 
    
 
 
  
Autonomy 4,50 hours 
    
 
 
  
Vtank_2 2,34 m3 
    
 
 
   
2340,76 liters 
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Parameter 
Value Units 
 
Physical properties of  
Propylene Glycol 
    Tgen_in 88,00 °C 
 
     Tgen_out 83,00 °C 
      m_gen 25915,00 l/h 
      Tm_gen 85,50 °C 
      Cp_gen 4,21 kJ/(kg·K) 
      Qdelivered_tank1 151,71 kW 
      Tsol_out 93,00 °C 
      Tsol_in 87,00 °C 
      Tm_sol 90,00 °C 
 
 
   Cp_sol 3,65 kJ/(kg·K) 
    m_sol 150,00 l/h 
 
 
    Ncollectors 199 - 
      Qcol 152,15 kW 
      Qstored_tank_2 0,44 kW 
      ΔTcol 5,02 °C 
      Total area required 616,90 m2 
      Available ETC? YES - 
      Ttank_1 87,75 °C 
      ΔTtank_2 4,75 °C 
      Cp_tank_1 4,28 kJ/(kg·K) 
      ρ_tank_1 967,30 kg/m3 
      Autonomy hours 0,50 hours 
      Vtank_1 13,89 m3 
      
 
13892,85 liters 
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APPENDIX 10. Calculations of the PV systems 
 
Next tables collect the main results of the procedure described previously in the 7
th
 
chapter of this project. There are some details that must be explained before presenting 
them. 
 
 The parameter Gdirect, normal (kWh/m2) is the monthly direct radiation value multiplied 
by 24 hours/day. The information from the interesting period is taken from the 
metheorological climate file from Meteonorm. 
 
 The roof area is taken from IDA input data report. 
 
 The voltage of the installation is considered 24 V. 
 
 The catalogue number for the elements PVmodules or batteries are taken from PolySun 
list. 
 
 The autonomy of the battery selected for the stand alone system is one day. 
 
 The concept HPS refers to “Solar Peak Hours” and this value is exposed below. Thus, 
this value is the same as the parameter Gdirect, normal (kWh/m2). 
 
            
 
 The concept HPS refers to “Solar Peak Hours” and this value is exposed below. Thus, 
this value is the same as the parameter Gdirect, normal (kWh/m2). 
 
 It is known that in Sweden the relation between the Wp installed and the energy produced 
follows the next approximate equivalence given by the professor Bjorn Karlsson 
(Högskolan i Gävle, Gävle, Sweden) as an indicative value to proceed for the net 
metering system: 
 
                      
 
 For choosing the total number of modules for the net metering system, it has been used 
the previous relation considering an approach margin of ±25%.  
 
 The main results for the selection of the components are shown in yellow color. 
 
 According to the calculation of the section of the cables, the voltage used is the one 
present at each sector of the installation. 
 
 
 
 
 
 
 
 
 188 
 
 
January February March April May June July August September October November December 
Gdirect, normal (kWh/m2) 0 0 0 5,02 5,05 5,26 5,34 3,12 2,75 0 0 0 
      
 
  
      
PV Installation 
 
Kt Calculation 
  
    Aproach Ppeak_min 18,85 kW 
 
Parameter Value Units 
 
KA 0,005 
  
Margin  Ppeak 25,14 kW 
 
Roof Area 2735,37 m2  
KB 0,05 
   
Ppeak_max 31,42 kW 
 
PV Selected No. 80147 - 
 
KI 0,1 
       
Vinstallation 24,00 V 
 
KR 0,05 
  
 
    
η PV 0,16 - 
 
KX 0,05 
    
   
Pnominal 260,00 W 
 
Kt 0,744642857 
       
Impp 8,47 A 
 
  
       
Vmax 38,10 V 
          
Gross Area 1,61 m2 
          
Battery Selected No. 4 - 
          
D (autonomy) 1,00 days 
 
   
      
Pd (discharge power) 0,70 - 
 
   
      
Vbat 2,00 V 
 
   
      
Cnominal 1 battery 3000,00 A·h 
          
Et_year 22624,00 Wh/year 
          
Et (Wh/day) 0 0 0 32161,29 76900,00 157322,58 233733,33 175419,35 64290,32 0 0 0 
Ct (A·h) 0 0 0 1340,05 3204,17 6555,11 9738,89 7309,14 2678,76 0 0 0 
Ctmax (A·h) 0 0 0 1799,59 4302,96 8803,02 13078,60 9815,63 3597,38 0 0 0 
HPS  (hours) 0 0 0 5,02 5,05 5,26 5,34 3,12 2,75 0 0 0 
Epanel (A·h) 0 0 0 35,66 35,90 37,34 37,94 22,14 19,55 0 0 0 
Npanels_parallel 0 0 0 51 120 236 345 444 185 0 0 0 
Npanels_serie 0 0 0 1 1 1 1 1 1 0 0 0 
STAND ALONE 
(Ntotal_panels) 
0 0 0 51 120 236 345 444 185 0 0 0 
NET METERING (Ppeak (kW)) 0 0 0 13,26 31,20 61,36 89,70 115,44 48,10 0 0 0 
NET METERING 
(Ntotal_panels) 
0 0 0 51 120 236 345 444 185 0 0 0 
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Cbattery (theoric) 0 0 0 2570,85 6147,08 12575,75 18683,72 14022,33 5139,11 0 0 0 
Nbat_serie 0 0 0 12,00 12,00 12,00 12,00 12,00 12,00 0 0 0 
Nbat_parallel 0 0 0 1,00 3,00 5,00 7,00 5,00 2,00 0 0 0 
STAND ALONE (Ntotal batteries) 0 0 0 12 36 60 84 60 24 0 0 0 
STAND ALONE (PV Area) 714,84 m2 
          
STAND ALONE (Available PV?) 
YES -  
SECTION OF CABLES: Stand Alone 
 (PV area > Roof Area) 
 From PV field to Regulator From Regulator to Battery From Battery to Inverter 
NET METERING (PV Area) 193,20 m2 
 
Sgen_reg 6,56 mm2 Sgen_reg 5,21 mm2 Sgen_reg 62,50 mm2 
NET METERING (Available PV?) 
YES -  
Lgen_reg 2,00 m Lgen_reg 2,00 m Lgen_reg 15,00 m 
 (PV area > Roof Area) 
 
K 56,00 m/(Ω·mm2) K 56,00 m/(Ω·mm2) K 56,00 m/(Ω·mm2) 
STAND ALONE (Imodules) 3760,68 A 
 
% losses 4,00 - % losses 4,00 - % losses 4,00 - 
NET METERING (Imodules) 431,97 A 
 
ΔV 38,10 V ΔV 24,00 V ΔV 24,00 V 
Iload 298,64 A 
 
I 140,00 A I 70,00 A I 112,00 A 
I regulator 140,00 A 
 
Φ 1,45 mm Φ 1,29 mm Φ 4,46 mm 
STAND ALONE (Nregulators ) 27,00 - 
 
         NET METERING (Nregulators) 4,00 - 
 
SECTION OF CABLES: Net Metering 
   
   
 From PV field to Regulator From Regulator to Inverter 
   
   
 
Sgen_reg 6,56 mm2 Sgen_reg 2,66 mm2 
   
    
Lgen_reg 2,00 m Lgen_reg 2,00 m 
   
    
K 56,00 m/(Ω·mm2) K 56,00 m/(Ω·mm2) 
   
    
% losses 4,00 - % losses 4,00 - 
   
    
ΔV 38,10 V ΔV 38,10 V 
   
    
I 140,00 A I 56,80 A 
   
    
Φ 1,45 mm Φ 0,92 mm 
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APPENDIX 11. Details of the elements of the Absorption System 
 
This appendix is focused on collecting all the main elements for composing the absorption 
system installation: ETC, hot storage tank, absorption chiller, cooling tower, pumps, cold 
storage tank and pipes. At the bottom of the page it is said where this data has been extracted 
from. 
 
 ETC: Evacuated Tube Collectors (EHT 1100 HP 20) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Extracted from http://www.ehtitalia.it/?q=node/78 
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 Hot Storage Tank (AO Smith HD84-4000) 
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Extracted from http://www.hotwater.com/water-heaters/commercial/storage-tanks/unjacketed/ 
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 Absorption Chiller (WFC-SC 10) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Extracted from: 
 http://www.yazaki-airconditioning.com/fileadmin/templates/pdf_airconditioning/data_sheets/FT_WFC_SC_SH_10_en.pdf 
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 Cooling Tower (Paragon Induced Draft Tower-ΔT-55 I) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Extracted from http://www.deltacooling.com/paragon-induced-draft-towers/ 
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 Pump Wilo-Stratos (25/1-8 and 30/1-12) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Extracted from http://productfinder.wilo.com/en/COM/productrange/0000001b0000accb00010023/fc_range_description 
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 Cold Storage Tank (Varisol energiespeicher 2500) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Extracted from http://www.soltop.ch/fr/solaire-thermique/installations-solaires/varisol.html 
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 Piping (Spiralrohrsysteme) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Extracted from http://www.waterwaygmbh.de/de/spiralrohrsysteme.html 
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APPENDIX 12. Details of the elements of the PV Systems  
 
This appendix is focused on collecting all the main elements for composing the PV systems 
installations: PV modules, batteries (for the stand alone system), inverters, cables and regulator. 
At the bottom of each page it is said where this data has been extracted from. 
 
 
 PV modules (Ligitek PV LM260BA6A00) 
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Extracted from http://www.ligitek-pv.com.tw/products.html 
 
 
 
 
 
 
 
 201 
 
 Batteries (24 OPzS 3000) 
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Extracted from http://www.midacbatteries.com/batteries_standby/69/Midac-OPZS-2011-cat.pdf 
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 Stand Alone Inverter (ES100KTR) 
 
 
 
Extracted from http://pv-matrix.de/wechselrichter/ismg322.html 
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 Net Metering Inverter (ISMG322) 
 
 
Extracted from http://pv-matrix.de/wechselrichter/ismg322.html 
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 Cables 
 
 
Extracted from http://www.el-grossisten.com/pi/HF_Let_installationskabel_3x1_5_100m_5847_1424.aspx 
 
 
 
 
 
Extracted from http://www.el-grossisten.com/pi/El_Kabel_EXQ_3x1_5_50_m__12192_1421.aspx 
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 Regulator for both installations (Steca p.Tarom 4140) 
 
 
Extracted from http://www.solosol.net/solar-shop/Steca-P.-Tarom-4140.html 
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APPENDIX 13. Details of the Economic study 
 
In this chapter the main considerations regarding the economic study are presented. To begin 
with, a table of the investment cost of the alternatives is presented. 
 
INVESTMENT VALUES 
Current System 76.542,89 € € 
Absorption System 214.661,36 € € 
Stand Alone System 353.880,76 € € 
Net Metering System 74.024,69 € € 
 
Moreover, an essential cost that must be considered for calculating the cash flow during a period 
of 30 years is the maintenance cost. 
 
MAINTENANCES VALUES 
Current System 55166,05 SEK/year 
Absorption System 9669,55 SEK/year 
Stand Alone System 34800,00 SEK/year 
Net Metering System 9405,41 SEK/year 
 
The maintenance cost of the current system is considered the 8% of its investment; both 
photovoltaic systems maintnence costs are considered the 3% of their investments and finally, 
the absorption system maintenance cost follows the next expression [41]. 
 
                                              
                  
         
  
 
Another economic detail for developing the economic analysis is the expected lifetime for each 
installation. The guidance values tht fill the next table were given by the professor Jan Akander 
(Högskolan i Gävle, Gävle, Sweden), who also recommended the sources [42], [43], 0. 
 
LIFETIME OF THE ALTERNATIVES 
Current System 15 years 
Absorption System 30 years 
Stand Alone System 20 (batteries) years 
Net Metering System 30 years 
 
As it could be seen in the table, it has been considered an operation lifetime of the batteries for 
the stand alone system of 20 years, wich means that in 20 years since the first investment is 
done, it is required to replace the 84 batteries of the installation. 
 
On the other hand, energy parameters provided by the results of PolySun of each alternative 
described in the 6
th 
and the 7
th
 chapter have to be taken into account in order to calculate the 
annual energy costs. 
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ENERGY VALUES (Electricity) 
Current System 22623,43 kWh 
Absorption System 14886,00 kWh 
Stand Alone System 0,00 kWh 
Net Metering System 
 
  
  To the grid (Jan-May and Sept-Dec) 8462,50 kWh 
  Own elec. Used (June-August) 12598,40 kWh 
  From the grid (June-August) 6556,60 kWh 
 
In addition, the specific prices used for each alternative are exposed in the next table. They have 
been provided by the company “Gävle i Energi”.  
 
YEAR 
 
2014 
Annual fee (SEK/year) 4000 
Network fee (SEK/kWh) 0,058 
Power price (SEK/kW/high_load_month) 75 
Power price (SEK/kW/low_load_month) 22 
DH price (SEK/kWh) 0,4636 
Net Metering surplus Overproduction (SEK/kWh_delivered) 0,35 
Net Metering surplus Underproduction (SEK/kWh_delivered) 1 
 
According to the power price, this is divided in two periods: the high load months and the low 
ones. While the first includes the months from January to March and October to December, the 
second includes the period from April to September. However, before calculating the power 
cost, it has to be calculated the nominal power that must be multiplied by that factor called 
Power price. To do it, it has been required to identify the three peak values of each month of the 
year and do the average (mean) for the four installations. In the absorption case, it has been 
considered the same peak power values as the current system as there are no hourly values of 
electricity production. For the photovoltaic cases, there are some times that they reduce the 
actual peaks of power in the current system, then, the nominal power values are reduced. 
 
 
 
 
On the other hand, the extra energy produced during the winter months by the stand alone 
system and the excess of hot water produced by the absorption system have been taken into 
account in order to save some money. While the stand alone excess energy is used to cover the 
electricity demand of the building (thus there is a decrease in the electricity payment), the hot  
water is sold in the district heating market (according to the price presented above). Next table 
shows the values of these two terms during the whole year. 
 
PEAK POWER VALUES (kW) 
 January February March April May June July August September October November December 
Current 82,00 75,00 70,00 73,33 71,00 67,00 52,67 55,33 68,00 70,00 74,00 71,00 
Stand Alone 71,00 72,66 60,79 61,68 55,39 51,95 38,93 46,80 68,00 65,92 73,81 70,52 
Net Metering 81,33 74,43 66,82 70,63 65,07 62,67 49,39 49,61 64,54 68,18 73,96 70,90 
Absorption 82,00 75,00 70,00 73,33 71,00 67,00 52,67 55,33 68,00 70,00 74,00 71,00 
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Next tables contain the cash flows of the most significant years within the investment period. The first year (n=0) is when all the investments are done. It is 
considered that the PV installations have also bought the current cooling equipment, because the modules are going to provide the current cooling system with 
electricity. The year 15 is when the current system investment must be replaced. 
 
 
 
 
 
 
 
 
 
 
 
 
YEAR 2029 Current System Absorption System Stand Alone System Net Metering System 
15 SEK € SEK € SEK € SEK € 
Investment 1902561 211184 0 0 1902561 211184 1902561 211184 
Maintenance 59028 6552 10346 1148 37236 4133 10064 1117 
Annual fee 4280 475 4280 475 0 0 4280 475 
Network charge 1312 146 -528 -59 -4307 -478 -15180 -1685 
Electricity Power cost 41671 4626 41671 4626 38202 4240 40634 4510 
TOTAL COST 2008852 222983 55770 6190 1973692 219080 1942359 215602 
 
 
DELIVERED ENERGY VALUES 
Absorption System January February March April May June July August September October November December 
Solar energy to DH 740,10 497,20 557,60 0,00 0,00 0,00 0,00 0,00 0,00 399,90 253,10 553,90 
Stand Alone System January February March April May June July August September October November December 
Excess of production 1873,80 3610,80 9679,60 12565,50 12291,20 8972,40 6784,60 4349,90 6145,10 4867,90 1637,80 1486,10 
YEAR 2014 Current System Absorption System Stand Alone System Net Metering System 
0 SEK € SEK € SEK € SEK € 
Investment 689576 76543 1933886 214661 3877691 430424 1356465 150568 
Maintenance 0 0 0 0 0 0 0 0 
Annual fee 0 0 0 0 0 0 0 0 
Network charge 0 0 0 0 0 0 0 0 
Electricity Power cost 0 0 0 0 0 0 0 0 
TOTAL COST 689576 76543 1933886 214661 3877691 430424 1356465 150568 
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The year 20 of the study period is when the batteries of the stand alone system must be replaced.  
 
YEAR 2034 Current System Absorption System Stand Alone System Net Metering System 
20 SEK € SEK € SEK € SEK € 
Investment 0 0 0 0 279875 31066 0 0 
Maintenance 59028 6552 10346 1148 37236 4133 10064 1117 
Annual fee 4280 475 4280 475 0 0 4280 475 
Network charge 1312 146 -528 -59 -4307 -478 -15180 -1685 
Electricity Power cost 41671 4626 41671 4626 38202 4240 40634 4510 
TOTAL COST 106291 11798 55770 6190 351006 38962 39798 4418 
 
 
Finally, a table describing how to calculate the annual summations for obtaining the NPV is presented below. 
 
  
Current System Absorption System Stand Alone System Net Metering System 
YEAR n A=Cash Flow B= (1+i)^n C= A / B A=Cash Flow B= (1+i)^n C= A / B A=Cash Flow B= (1+i)^n C= A / B A=Cash Flow B= (1+i)^n C= A / B 
2014 0 -76542,8933 1 -76542,89331 -214661,3622 1 -214661,362 -430423,656 1 -430423,656 -150567,586 1 -150567,586 
2015 1 -11798,3193 1,07 -11026,46664 -6190,414774 1,07 -5785,43437 -7895,55241 1,07 -7379,02094 -4417,54087 1,07 -4128,54287 
2016 2 -11798,3193 1,1449 -10305,10901 -6190,414774 1,1449 -5406,94801 -7895,55241 1,1449 -6896,28126 -4417,54087 1,1449 -3858,45128 
2017 3 -11798,3193 1,225043 -9630,943003 -6190,414774 1,225043 -5053,22244 -7895,55241 1,225043 -6445,12267 -4417,54087 1,225043 -3606,02924 
2018 4 -11798,3193 1,31079601 -9000,881312 -6190,414774 1,31079601 -4722,63779 -7895,55241 1,31079601 -6023,47913 -4417,54087 1,31079601 -3370,12078 
2019 5 -11798,3193 1,40255173 -8412,038609 -6190,414774 1,40255173 -4413,68018 -7895,55241 1,40255173 -5629,41975 -4417,54087 1,40255173 -3149,64559 
 
